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Name

PA QUESTIONNAIRE

PATRICK MOLLOY Location 35° 51+ gow . 197°

sg

25u'

Sita Name wAvVAJO - BROWN VANDEVER Date JunNE,1990

URANIUM MINE

MAJOR _CONSI[DFRATIONS

A)

O0ES ANY QUALITATIVE OR QUANTITATIVE INFORMATIOM EXIST THAT MAY

INDICATE AN OBSERVED RELEASE TO AIR, GSROUND WATER, SOIL OR SURFACE

WATER? _yrg

Describe: _ garMa RATEMETER READING OF 105 cpm ON "EQT RQAD"

CONSISTENT WITH Rpn222 CONCENTRATION OF 10% aTome prR

CUBIC CENTIMETER
[F THE ANSWER TO #1 IS YES, IS THERE EVIDENCE OF DRINKING WATER

SUPPLY CONTAMINATION OR ANY OTHER TARGET CONTAMINATION {i.e., foodchain,

recreation areas, or sensitive environments)? - NO

Describe:

ARE THERE SENSITIVE ENVIRONMENTS WITHIN A 4-MILE RADIUS OR 15
DOWNSTREAM MILES OF THE SITE? vEQ IF YES, DESCRIBE IF
ANY OF THE FOLLOWING APPLY:

- Multiple sensitive environments? vES

- Federally designated sensitive environment(s)? YES

- Sensitive environment(s) downstream on a small or slow flowing
surface water body?

NO

IS THE SITE LOCATED IN AN AREA OF KARST TERRAIN? NG

Describe:

IS THE AQUIFER UNDERLYING THE SITE A “SOLE SOURCE" AQUIFER AS
DESIGNATED ACCORDING TO SECTION 1424(e) OF THE SAFE ORINKING WATER
ACT?  No ,

Describe:

DOES ANY QUALITATIVE OR QUANTITATIVE INFORMATION EXIST THAT PEOPLE
LIVE OR ATTEND SCHOOL ON ONSITE CONTAMINATED PROPERTY? _ypg

Describe: APPROXIMATELY 65 PEOPLE LIVE ON SITE




;-
SITE INFORMATION
SiTE NAME: BROWN VANDEVER URANIUM MINE
ADDRESS: FOQUR MILES NNE OF BLUEWATER, NEW MEXICO
CITY:  _BLURWATER COUNTY: MeKINLEY STATE: mm ZIP: 870
EPA 1D: * % NdT ASSIGNED **
LATITUDE: 35° 21' Q2" LONGITUDE: 107° 56" 25"

DIRECTIONS TO SITE (From nearest public road): FROM ATSF UNDERPASS ON

INTERSTATE 40 FRONTAGE ROAD PROCEED E ON IMPROVED DIRT RCAD,

TURN N AT APPROXTMATELY 4.5 mi., PROCEFD N 1.2 mi., TURN W,

GATE WITH HOOK .l mi.,, SITE ENVIRONS

SITE OWNERSHIP HISTORY (Use additional sheets, if necessary):

A. Name of current owner: YANDEVER bﬁTFTT NAVAIOQ NATICN
Address: P. O, BOX 308 (NN)
Cfty: WINDOW ROCK County: APACHE State: _ag Z"Di_S.ﬁilf.
Dates: From _ 1868 To __PRESENT Phone: (602) 871 - 494}
B. Name of previous owner:  NO PREVIOUS OWNER
Address:
City: County: State: __ Zip:
Dates: From _To Phone:
Source of ownership data: TREATY OF 1868

TYPE OF OWNERSHIP (Check all that apply):

Private « State Municipal

Federal County ¥ Other (describe): NAVAJO NATION




HAME OF SITS DPERATOR:

3

NONE: MINING ACTIVITY HAS CEASED

ADDRESS: N/ A

CITY: COUNTY: STATz: __ IIP:

PHONE : '

BACKGROUND/OPERATING HISTORY

b.

DESCRIBE OPERATING HISTORY OF SITE: MINE WAS OPENED-IN 1952 BY
SUTTON, THOMPSON AND WILLIAMS: OPERATED IN 1953 BY WILLIAMS:
QPERATED IN 1955 BY SANTA FE URANIUM: QPERATED TN 19855 ~ 1856
BY SANTA FE URANIUM AND FEDERAL URANIUM: OPERATED IN 1957 - 195
BY FLDERAL URANIUM: OPERATED IN 1963 - 1964 RBY MESA MINING CO.:
OPERATED IN 1966 BY CIBOLA MINING CO.

Source of information: REFERENCE # 2

DESCRIBE SITE AND NATURE OF SITE OPERATIONS (property size,
manufacturing, waste disposal, storage, etc,): SITE IS LOCATED AT THE

SOUTHEASTERN MARGIN OF HAYSTACK MOUNTAIN IN A RURAL SHEEP
RAISING AREA. SITE IS COMPRISED OF APPROXIMATELY % SECTION.

a

INACTIVE URANIUM MINE; MINE SPOILS DISPOSED OF ON SITE;
NO BARRICADES OR CONTAINMENT OF SPOILS.

Source of information: WINDSHIELD SURVEY (REFERENCE % 3)

DESCRIBE ANY EMERGENCY OR REMEDIAL ACTIONS THAT HAVE OCCURRED AT THE
SITE:

NONE

Source of information: MR. BROWN VANDEVER

ARE THERE RECORDS QR KNOWLEDGE OF ACCIDENTS OR SPILLS INVOLVING SITE
WASTES? NO

Describe:

Source of information: NONE




4

10. DISCUSS EXISTING SAMPLING DATA AND BRISFLY SUMMARIZE DATA QUALITY
{e.g., sample objective, age/comparability, analytical methaods, detection
limits and JA/JC):

RADTATION SURVEY CONDUCTED AT SITE APRIL 11,1990: BACKGROUND
TAKEN AT SITE WITH EBERLINE ESP - II IN RATEMETER MODE : DATA
TAKEN AT "SHINE" (1 METER ABOVE SURFACE) : RATEMETER UTILIZED
SPA - 3 HIGH GAMMA SENSITVITY PROBE: CALIBRATION DATE_JAN 5,
1990; DETECTION LIMITS _ 1200kcpm per mR.hr~- WITH Csl37 cap-
IBRATION SOURCE: QA/QC REPZATABILITY ~ + .0033%

Source aof information: WINDSHIELD SURVEY, REFERENCE # 15

WASTE CONTAINMENT/HAZARDOUS SUBSTANCE IDENTIFICATION

11. FOR EACH SQURCE AT THE SITE, SUMMARIZE ON TASLE 1 (page 12): 1) Methods
of hazardous substance disposal, storage or handling; 2) size/volume/area
of all features/structures that might contain hazardous waste/

3) condition/integrity of each storage disposal feature or structure;
and 4) types of hazardous substances handled.

12. BRIEFLY EXPLAIN HOW WASTE QUANTITY WAS ESTIMATED (e.g., historical
records or manifests, permit applications, air photo measurements, etc.):

PHOTOGRAPHS, VEHICLE ODOMETER READINGS; GEOMETRIC AND PHYS~-
ICAL CONCEPTS

Source of information:

WINDSHIEID SHRVEY, REFFRENCES 4 3. 214

' #15, 18
13. DESCRIBE ANY RESTRICTIONS OR BARRIERS OJ*ACCESSIBILITY TO ONSITE WASTE
MATERIALS:

QNE GCATE WITH TRON HGOK

Source of information: WINDSHIELD SURVEY

GROUND WATER CHARACTERISTICS

14. ANY POSITIVE OR CIRCUMSTANTIAL EVIDENCE OF A RELEASE TO GROUND WATER? >

Describe: INDIAN HEALTH SERVICE INSTALLATION OF A COMPLETE

WATER SYSTEM FOR THE COMMUNITY: AREA HAS A REPUTATION FOR
HAVING RADIOSPECIES-CONTAMINATED WATER SOURCES
Source of information:

RRERIANCEC &TQ' -2
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3N TABLE 2 (page 13), SIVE YAMES, DESCRIPTIONS, AND CHARACTERISTICS OF
3E0LOGIC/HYDROGEOLOGIC UMITS UNDERLYING THE-SITE.

6. “NET PRESIPITATION: * MINUS 44 ‘p *

(203

URFACE WATER CHARACTERISTICS

17. ARE THERE SURFACE WATzR BODIES WITHIN 2 MILES OF THE SITE? vpg

x Ditches Lakes Pond

Creeks Rivers x Other WASH

18. DISCUSS THE PROBABLE SURFACE RUNOFF PATTERNS FROM THE SITE TO SURFACE WATERS:

FROM THE TAILINGS ASSOCIATED WITH THE INCLINED ADITS, SURFACE
WATER RUNQFF FLOWS EASTSOUTHEASTWRD FOR APPROX. 1 mi.; RUNQFF _
THEN PROCEEDS SOUTHEAST APPROX. 3 mi. BEFORE TERMINATING. FROM
THE STRIPp MINE TAILINGS SURFACE RUNOFE PROCEEDS OVERLAND APPROX.
.7 mi. BEFORE CONVERGING WITH ABOVE DRAINAGE: FLOW IS ENE
19. PROVIDE A SIMPLIFIED SKETCH OF SURFACE RUNOFF AND SURFACE WATER FLOW
SYSTEM FOR 15 DOWNSTREAM MILES (see item #36).

20. ANY POSITIVE OR CIRCUMSTANTIAL EVIDENCE OF SURFACE WATER
CONTAMINATION? YES :
Describe: y £

—RADIATION SURVEY RESULTS CONSIOSTENT WITH RARIOSPECILS
MIGRATION INTO SOUTHEAST TRENDING DRAINAGE: READINGS WERE 10 - 15
TIMES BACKGROUND.

Source of information: WINDSHIELD SURVEY, FIELD NOTES(REF'S.#14,#£18)
21. ESTIMATE THE SIZE OF THE UPGRADIENT DRAINAGE AREA FROM THE SITE: 73.4

acres

Source of information:  REFERENCES #3, #4;WORKSHEET#1,#7

22. DETERMINE THE AVERAGE ANNUAL STREAM FLOW OF DOWNSTREAM SURFACE WATERS

Water body: _ RT0 SAN JOSE Flow: 2, 97cfs

Water body: .Flow: cfs

Water body: Flow: __ cfs
Source of information: REFERENCE#20

23. IS THE SITE OR PORTIONS THEREOF LOCATED [N SURFACE WATER? NO

24, IS THE SITE LOCATED IN A FLOODPLAIN (indicate flood frequency)? 2




&

25. IDENTIFY AND LOCATZ (see izam #3G6) ANY SURFACE WATZR RECREATION AREA
AITHIN 15 JOWNSTREAM HILES OF THE SITE:  NONE

Source‘ofihformation: REFERENCE # 16

26. TWO YEAR Z24-HOUR RAINFALL: 1.26 in.

TARGETS

27. DISCUSS GROUND WATZR USAGE WITHIN FOUR MILES OF THE SITE: AN IN-
DIAN HEALTH SERVICE WATER SYSTEM, WHICH HAS BEEN TURNED

OVER TO THE NAVAJO NATION WATER RESOURCES DIVISION (NNWRD),

SERVES APPROXIMATELY 430 PERSONS IN THE HAYSTACK COMMUNITY:

—4+1 IS ESTIMATED THAT APPROXIMATELY 100 PERSONS TQO INDIGENT

TO AFFORD PLUMBING FOR THEIR RESIDENCES UTILIZE OTHER NNWRD

_WELLS IN THE ARFEA WHICH ARE SOQURCED BY UNCONFINED ALLUVIAL

UNIT AND THE DAKOTA SANDSTONE AQUIFER.
Source of information: REFERENCES # 3, .4,18,19,21

28, SUMMARIZE THE POPULATION SERVED BY GROUND WATER ON THE TABLE BELOW:

Distance Population
(miles)

>0 - 1/4 65 est.

>1/4 - 172 0

>1/2 - 1 77
>1 =2 18D
52 - 3 133
>3 - 4 46
Source of information: REFERENCES #43WORKSHEET#2,7,21




29.
30.
i1,
218 e
i ‘"rfl'

7

[SENTIFY AND LOCATE (see item #36) POPULATION SERVED BY SURFACE WATER
IMTAKES WITHIN 15 DOWNSTREAM MILES OF THE SITE: NONE

Seurce of information: RFEFEREFNCES#14.18

DESCRIBE AND LOCATE FISHERIES WITHIN 15 DOWNSTREAM MILES OF THE SITE
(i.e., provide standing crop or production and acreage, etc.):

NOND

Source of information: REFERENCE#16

IF SURFACE WATER RECREATION AREAS EXIST, CHOOSE RECREATIONAL USE
CATEGORY, AND THEN DETERMINE THE POPULATION WITHIN THE ASSIGNED RADIUS

© FROM THE RECREATION AREA. (Use GEMS to allocate into distance rings).

*** NOT APLICABLE ***

a. Capital use and access improvements (assigned
radius=125 miles)
b. Access improvements only (assigned radius=80 miles)
c. Observed use only (assigned radius=40 miles)
d. None of the above apply and access is not restricted
(assigned radius=10 miles)

Distance Population
miles

>0 - 5

>5 - 10

>10 - 20

>20 - 40

>40 - 60

>60 - 80

>80 - 100

>100 - 125



32,

33.

3

NETERMINE THE D[STANCE FROM THE SITE TQ THE NEAREST 92F €ACH OF THE

FILLONING LAND USES.

Descrintion
Commercial/Industrial/
[nstitutional
Single Family Residential
Multi-Family Residential
Park

Agricultural

Source of information:

WINDSHIELD SURVEY

Distance
Tniles )

G4 mi.

0 mi.
Q mi.
LGT.4 mi.

SUMMARIZE THE POPULATION WITHIN A FOUR-MILE RADIUS OF THE SITE:

‘Distance
(miles)

onsite

>0 - 1/4
>1/4 - 172
>1/2 -1
>1 -2

>2 -3

>3 - 4

Source of information:

Pogulation

. 65

—b03

62

REFERENCES#4WORKSHEET#2,7,21
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JTHER REGULATORY [MVOLVEMENT ,
24, JISCUSS ANY PZRMITS/VIOLATIONS:
Jounty:
State: -
Federal:
Qther: NAVAJO NATION
Source of information: REFERENCE#17

35. SKETCH QF SITE

[nclude all pertinent features, e.g., wells, storage areas,
underground storage tanks, waste areas, buildings, access roads, areas of

nonded water, etc, Attach additional sheets with sketches of enlarged
areas, if necessary.

*x* SFE ATTACHED ***



36.

SURFACE ATER FZATURES

Provide a simplified sketch of surface runoff and surface water flow
system for 15 downstream miles., Include all pertinent features, e.g.,
intakes, recreation areas, fisheries, gauging stations, etc,

T BERED
ZaF T

§W7ZWF7
MINE

TERAMIMNEBRTES
@ & dnl



VERTICAL SHAFT

\</
VENTILATION )
SHAFTS E}”B. VANDEVER RESIDENCE

INCLINED ADITS

ACCESS ROAD

TO PREWITT -~ 3.5mi.

«—

conte - 1+ = Lats = NAVAIO SUPERFUND OFFICE

NAVAJO-BROWN VANDEV-
ER URANIUM MINE SITE
SKETCH

JUNE, '90 P. MOLLOY




—ﬁmm-u-——--n-—-m—m—
- ; " WASTE LUNTAINMEN I AND HAZAKDOUS SUBSTANCE IOENTIFICATION?

SIZE ESTIMATED ‘ 2 SOURCE OF
SOURCE TYPE (VolumerArea) WASTE QUANTITY | SPECIFIC COMPOUNDS | CONTAINMENT INFORMATION
Adits, 7.02 Acres Unknown U,0,V,0-., Radon None Ref's § 3,4,M4
Shafts :
Tailings
Piles , 125 acres - 1880.3 tons U308y205’ Radoh None Ref's # 3'4'11

1 Use additional sheets if necessary Lo
2 Evaluste containment of each source from the perspective of each migration palhway (e.g.. ground water pathway - nonexisient, natural o

synthetic liner, corroding underground storage tank; surface water - inadequate {reeboard, corroding bulk tanks; air - unstabilized slag piles,
leaking drums, etc ). ,



TABLE 2
HYDROGEOLOGIC INFORMATION?
HYDRAULIC ‘ -
STRATA NAME/DESCRIPTION '"'f:':‘“ OEPTH TO WATER | conpuctvity TVPE OF SOURCE OF
) () {emisec) DISCONTINUITY2 INFORMATION
Entrada SS (Je) Sandstone, Reddish : |
orange, poor aquifer, mapped with Ref's # 3,5,
wingate sandstone in this area 0-50 N/A 103 to 10° 5 None 6 8
(Trw) ‘ /o ’
Chinle formation (Trc) red beds,
shale, siltstone. Sonsela 150 3 .
sandston.: is fair to good aquifer: 1600 " 107" to 10 ° None .
water brackish .
Shinarump conglamerate (Trcs) sand- .
stone -~ conglamerate-mudstone, -3 -5
orange to purple. Camprises an 100 1950 10 to 10 " 0O
aquifer in some regions. '
Moenkopi formation (Tmm) siltstone
and sandstone, red to white )
) !
50 N/A

San Andres LS (Psa) dolamitic
Limestone. Excellent aguifer north, it i
east and west of Zuni Mountains. 100 1900 “

| Use additional sheets if necessary
2 identily the type of discontinuity within four-miles from the site (e.g., river, strata “pinches out”, etc )
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REFERENCE # 1

| NAVAJO SUPERFUND OFFICE

BROWN VANDEVER URAN-
IUM MINE REFERENCE
MATERIAL

M.AY 0‘
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SEPA  rorentiai nazaroous waste sire omnmmeanion |4 M

MOTE: The initial identification of » poteatial eite or Iacident should act be isterpreted as ¢ finding of illega!
sctivity or coafirmation that an actual health or enviroamentsl threst exists. All identified sites wi
be assessed ander the EPA’e Hazardous Vaste Site Eaforcement and Response System to determioe if
8 bazurdous waste prodblem ectually eximts.

' A, SITE MAME [ B ITaICY (8¢ siher a;lalllioa
' BROWN URANIUM MINES 357 21' 02" : 107" s6'25"
C.CiTY D. TATR [ & .
1 - . N tgf&?sc . COUNTY NAME

. QUNER/OPLRATORN [/ beoww)
L MAME 1. TELEPMONE MUMBER

WILLIAMS AND THOMPSON, BROWN VANDEVER ( UNKNOWN )

W, TYPEL OF OWNERSNIP (I Eneww)
O reoemar Jrsrare Oarcouwty  [Jewunicoar s rsmvarg e unxnown X 7. TRIRAL

I. $1ITC DRECAIP TION
An abandoned uranium/vanadium mine located approximately 1/4 mile from residence. Site
located on ledge of Haystack Mountain. Tailings used to backfill one adit. Open and
second adit. : '

J. HOW IDERTIFIED (1.0., eitizen’'s complainte, OSMA cliariens, 810.) ~ K. ‘%ic‘ng.z: TIFE0
WINDSHIELD SURVEY 01/23/90

L. SUNMARY OF POTENTIAL OR KNCEN PROBLEM 4
Maximum reading of 400 uR'~* on North tailings pile by adit. Tailings spilled
into drainage southeast of north adit. Adits presently used as trash dumping areas.

M. PRALPARRR INFORMATION

1. WAug ~ 2. TRLEPHMONGE N BER 5. DaATE (ma, G2y, & 7
PATRICK MOLLOY, NAVAJO SUPERFUND OFFICE 602/871-3153 ' Feb. 26, 1990

SPA Forn 20708 (S-80)
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- REFERENCE #2

NAVAJO SUPERFUND OFRICE

BROWN VANDEVER URAN-
IUM MINE REFERENCE
MATERIAL







P
Hunbear Mine Namm Tona Ore Pourds U ) Periads of -/
- : ; 19g Uj0g Poaxds V05 Wy0g  Type of Deposit Homt Rock Shipper
] IJN.‘W.Z.B.JZX “eea Top Mirm 128, 261 512,965 3.324 144,618 —— sarcistone . Jmp 1954-1957 - Laa Ewplor:
i Tw
- 1IN.1OW. 4,244 Pat - Sectlaon 4 S, P69 12,645 2.12 2,478 — sandatone Jmer, KA 1;234:2;1! gln::ll:t:
(Daxota Mine) Co.r 1962-1961-FarTis
’ Mines, Inc.
1IN.M.19.428 !poison Camyen 217,266 1,004,574 9.23 138,834  —  sandstorm Jmp 1952-1959 - Haystack M
Development Corp.; LN
1962-Farris Mlnes inc
™ 13H.11W.28.11) Red Cap Grop 195 437 4.13 951 @.24 lireatons Jt 1952-195) ~ Havmjo Devr
: {T Growp) rent Co.; 195)-Fleehx
. ' ) ’ Toerrie
1IN.1OW. 16,134 FRad Point Lode . 482 1,221 2.12 746 3.7 | imestone Je 1952-1955 - R.M. Shaw
l14N.11W. 28,144 Rad Top Munes 165 J9d .12 1,187 @.39 | irestane Je 1355 - Rad Top Uranius
- R Minimg Co.
148.9%.34.424  ‘sandatone 1,034,255 1,549,829 e.1? - —  sandatona Jrw 1959-?;6] ~ Phillipe
Petroleum Co.; 1963-19
. Unftad Nuclear Carp.
LIN. W, 1. 209 Section | {1N-9W) 144, 866 1,699,137 e.9 - -~ sandstors Jmwe 1967 - Karr-Mcleer 1969
- mined through Cliffside Kerr-tcles and Natlon
15N.16W.3,332 Sectlon J {1SH-16W) 324 1,836 2.29 424 -— sandatone %] 1957 ~ hristensan and
- Santa Fe=Christensen {coal) Uranjue Co.: 1957-1958
‘ FAats NHeat Mine Uranium Co.
LIN.I3W.9.144 Section 5 {1N=10w) 21 54 8.12 -— — sandstore ] 1958 - westvao
I - 1IN.9wW.8.114 Section 8 {1IN-9W) 47,6008 165, 219 .17 — w— sarvistons Jrp 1958-15%62 = United Weet
Spencer Shaft 1961 -Hy<de and Cawspar;
' . - 1966-4.0. Trippr 1966~
Jamma J. Gaxle
14N.10W.18.244 1Section 18 {144-1W) 139,767 518,935 9.29 — -— sandatons Jrw 19571962 -~ Xarmac Nucl
1964 -Homestake-5apin
y Y 14N.1BW.12.410 'Section 12 (14N-10W) 74,975 211,81 0.14 - - sandatona Jrmw 1961 =~ Anderson Davelop
. Corp.: 1962-1963-5tall.
” W‘m
’ 14N.10W.15. 441 'Secrion 15 1,213,814 3,625,924 a8.1% — — sandatons Jrow 1958=196]1 ~ trrmscake-5:
(14N-10W) . 196] ~1965-ALo and How-
- : stake-5apins 1966~196%
- HomestakXe-5apin; 1969«
) United Nuciear-imestar
l 14N.9W,17.321 !Section 17 (14N-9W) 544,164 2,215,182 8.1 - -~ sandatone e 1960-1964 - Karmac Nucte
. Corp.t 1965=1978-Kacr~+
o a™ 13IN.10W.18.J41> Section 18 (1IN-10W) 25,796 = 98,175 — 2.19 —— 75,342 2.)2 llmestone Je 1952 -~ Suttan, Thompeor,
“ {Indian Allotment) b-{. Vv Williamey 195)-Williame
1955-5anta Fe Uranium:
1956-Samean Feo Urmniun s
. Federal Uraniums 1957-1
h . . federal Uranium; 19611
Meea Mining Co.¢ 1966-C
H Mining Oo.
' 14N, 507,18, 402 lSectlm 18 (14N~} 541,96 1,586, 447 a,16 . -— el sardistons Jme 1962-1364 - Karmac Nucle
nined throxgh Sec. 17 196519 78-Karr-McGoe
! 148.9. 28,114 lsection 28 (14N.9W} 486,175 1,223,9M 8.2 — — sandstore Jrw 1962 ~ Karr-tcGee
* minad through Sac. 17
14N, 10W.22.22) lSection 22 1.189,85] 11,605,672 2.18 — _ sandstone . Joreed 1958~1964 - Kermac Nucla
{14N-12w) heap leach — 18,18% — -— - 196519 T8—Karr-+Hctos
ﬁ 14N 12w.23.134 lsactlcri rk] 2,528,797 9,679,773 2.19 — -— saristone Jrewr 19%9-1968 - Hareatake—Sar
{1 4k-130} 1969-1978-Homes take—uUnd-
r Nuclear )
L1IN.12W.23.444 Section 2] (1 R10W) 11,826 138, 541 8.32 18,256 2.06 limestone Jt 1957-1965 -~ Haystack Moas
. Deveioprent Corp.: 196%
i 1966~Santa Fe Pacific
l 12N. M. 24.131 Section 24 (13-W} 19,952 317,693 a.17 bt — sandstone Jmp 1963-196) ~ Febco Mines,
B Chill Wllis, Rialto
Tt {Section 11}
e 1IN.11W.24.222Section 24 (IM-1IW)~ 24,6)8 ——— 115,075~— 08.22 — 95,548 9.18 limestone Jt 1952-1954 - Glen Wllllam
;. irdian Allotmant W 1955-1956~-5anta Fa Uran
Hana-A-Bah Vandever ‘ 1955-Fedaral Uranium &
! Santa Pe Uranium: 1956-
g : Federal Uranium Corp.
I 14N. 19w, 24.102 lsaction 24 ’ 1,984,582 7,871,564 a.19 — — saristons Jme 1959-1364 « Kearr-sMcGee
: { 14N=10w) . Nuclear) 1963-1970-Kerc
' Heap leach - 579 - - - . McGes
1304.10w. 25,411 !Section 25 (1IN-12w) 215,136 958,058 2.28 153,657 8.12 limestone Je 1952 - A T ard 5F RA; 19
’ 1961-Haystack Mountain |
' velopment Coxrp.: 1962-1
E Santa Fe Pacificy 196]~
Farrls Mines, lnc.y 196
) 1965-Santa Fe Paclficr
l 1966~FarTis Hines, Inc.
’ 1 968~tkrrestake; 1969-19
United Muxclear Corp.
, 148, 10W. 25,144 !Secrion 28 1,791,848 6,444,009 2.18 - —~  sandstore Jwe 1959-1969 - lomstake-Sa
I {14N-10w} 1969-1578~{icmes take-Unil
j ’ Nuclear
"1 1IN.18W.26.221-35ection 26 (1M-10Wi~ 11,118 —~ 81,752 — 8.38 —— 17,518 - @.88 ~ limawong ———— Jt o~ 199241957 - Hlarnosh Mires
Deeldero Gray
14N. 19w.26.129 isection 26 {lls-l.BH) 162,118 1,198,6% 2.17 — — sandstons Jmad 1963~-1978 - Karr—McGoe
minad through .

Saction 24
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) ]a:nrrmﬂ\mr

Priperty Name (Ocrurrence Name)

14N, 1M 12,332
14M.11%.18.148
16M.180.26.120
156, 16M.4.414

__,...] 1IN, 10W.4.244
l 15N.17W.33.244

14N 1B, 11,312
14N, 12w, 24,24
14N 11W.28.1])

; J 14N . 4
’ 1IN.18W.16.108

15N.16W. 17.244
14N.146w.2.12)

2).344; 19N.6W.25,26
139.10W.25. 411

: ] 19N, 6.1, 147190, Eu.,

I5H.16W.4.111
- 15N.16W.5.222
140, 10W, 14,222

] 13N, 19w.16.224
St T OLAN. LBwW.1.13)

1aN. 1 &35, 308
14N.11W.28.113

14N.13%.8
13N.9W.29.141
13N 12N 184 e
ml.lad.n.ne;
1IN.10W.24.222
1IN.10w.25.114
134, 10w, 26.221
J13NL 1IN 13,014.
1N 110,21
- 14N 18W.31.)44

L 1N.11W.19.414
| ow. 1.4
—

14811, 35,128
TR YRPHIT
I 15N, 1. 28. 114
= 1SN, 1W.13.423
15N, 19, 12,432

ovwurTence Number

Adrbourne Anomaly 11N/15w/23
Alpha

Bottom Claime {Red T\q) fl and 12}
Car 8all 113

Claim (U Mine) .

Cmiots Mining Co. (pat-Sec.4)
Disword 42

Dysart #1

Zlklra Claime

Grover Claime

Green Pick 120, 211

Hard-word, Red Point, amd othars

L.L. Farr Ranch {Farr Ranch)

Operation Haystack-Sec.25
{5ec.25-~5EQ-Desldario)

Prospect 11 (Fouer 11)

Prospect 12 (Foux 2}

Reyrolds (June)

Rimrock 81 (Secrion )6}

Silvar Spur #5 {Silver Spur Pita)

Standury Rodk

T Claims -4 {Rsd Cap Group}

Tletjor-Lasis 18

Unknown {Falth)

Unknown (Section 18) (bt WS

Unknown {tlaystack-Sec.19})

Unknown (Shirley amd Guther, G.)
Urimown (Section 15 Open—pit}
Unincsn (Section 26)

Unkncwn {Haystack 5ec.l) p.t)
Unknown - Prewlite

Unknown { Feboo)

Unkrown = Argirewy

Uriknown - Zuni Irdian Reservatian

Unknown (Last Mina)

Urikriown: (Largo)

Unknown (Anomly)

Unknown (Anamaly) :

WNeingarten State lLease (Gallup
tieanium depomit}

Property Hame (Ocourrence Name)

2N, 162,22
IM. I6E. ]

=12, 16E.1]
20N.24E.5,19N.22¢2. 1

“2MN.17E.,218. 168
12M.17E.,2IN.16E

Tam e, N 168

=12M.16E.9

IM.\TE., 2IN. 168;
O2M.162.1)

1N, LTE.,2IN.16E.
“2N.17E.,2IN.16E.

OcrurTence Number

A amd M Mining
Willlam Atkina
Le Deoux Ranch
Sanford Ranch
Turkey Mountain Area

MKinley County
PRA Mumber (year)

ED-A-426 (1954)

ED-R-688 {1956}

TR-18 (195%8)

ED-R-248 {1953)

-a-234 {195))
GJER-R-188 (1952)
wnumbered (195))

181 (1955}

CEB-17 (19%8); QUrs (19%9)
CER~21 (19%@); GrER (195)
DER-252 {1952)

CEB-1% (1952): GIER {19%3)
GIEH:R-173 (1952)

DFEB-248 (1951)

ED-R-459 (1955)

umusbored (1956)

ED-R-114 (195))

ED-R-11% (1951)
umnumbered (1958)

CEB-14 (19%); o {19%Q)
oER-251 (19%2)

ED-R-620 (1956)

EB-3 (1953)s GIJER 195d)
DER-249 (19%1)

RR-209 {1951)

B-18 (1958): GJEB (1950)
ED-R—426 (1954}
=B-9 (19%8); GIEB
RR-282-AFC {1951)
-9 (1950)

xB-7 {19%@)
CEB-16 {19%2); GrER {19%3)
211-AEC (1951)

GIEB-R-172 (1952)

CEB-19 {1950); GJER {1950}
RR-207 {1951)

{1952)

PP-237 {1951)¢
RR=218 AR {1952)
RR-2068 AED (1951}
GIEB-145 (1952)
GIED-144 (1952)
ED-R-618 (195}

Mora County
PRR Number {year)

ASD-9) (1958}
ASD-64 (19%5)
DAO-P=4=1491 (19%3)
ASD-65 {1955)
DEB-RRA-54% (1951}

United Development Co.(Coyote Creek Misc.prospeces) ASO~66 (195%)
United Develgraent Co. (Coyote Cresk Misc.prospects) ASO-&7 (195%)

Uniknown

Unkrown {Coyots Creek Misc. prospects)
Urnicncn

Onknown  (Unknowrr-dora Grant)

Unknown

Unknown (Coyota Creek Misc. prospects)
{Le Deoux Ranch Leamc}

Unitrown

Urikrean

Urikreswn

trikrown (Coyote Creek Misc. prospects}

Unknown (Coyote Creek Misc., prospects)

Unkrown
Unkncwn {No Lomtion given)

Property Hame {Ocourrence Name)

165.11£.17.2M4
<65.11E.17.21)4
168.11E.30.44)

=56.11F.24.142

-

Allce, Nannie Baard and Garnet Mines
Courtney Mine
ard Grandvies
tiolnes {East Warmodk)
Tron Ousen Mine
L 12
Mmcaisrc Apache [Indian Res.
Providence Mine

unnumbered {1951}
D-24) {1951)

ED-R-1121 (1958)
ED=-R-1135 (1953)
ED-R-1136 (1953}
ED-R-1138 (195])

DER-RRA-1111 (19%3)
ED-R~1148 (1951}
DER-RR-%31 (195))
AID-92 (19%5)
D-244 (1951)
M=1475 {1954)
unumbered (1951)

rero County
PRR Number (xg)

CED-RRA~1184 (195))
DED-RRA-1134 (19%1)
RG-9-81 (1981)
RG-14-51 {1951)
DER-RAM-129% (1951)
ASD=73 (1955)
AS0-28 (1954)
DeB-RR-118) (1953)

Clasaificetion

rone

Sha le/Sardstone
Limes vone
Shale
Sandatone

Lireatons

Sandatore Beach placer
Limeestaons
Sandstone
Limestons
Limestorm

Limescone
Sardatans
Limestone
Lirewtone
Limestone
Lirestons

Limestons
Orthomgmceic

Lirestons
Sarxiseane
Sandstone
Sandatone Basch Placer

Classifioarion

Pegmtite

Sha le/Sandstons
Sardiatone
Samdlstorm

nane
Sandatons/Sha le
Sandetore/Shala

e

Sandatons/Shale

none

orthormgret o

e

Sandstone/Shale; Samdatone

none
ons
rone
Sandstcone/Shale
Sancst cne/Shale

Clasaificstion

e
Sardstone-tabular
Sanvigtone-tabular
Sarvigtore~cabular
none

Sarcistone-tabutar

+ o

ot pa
- 1
K, 2w 2
Je 1
ke k]
4 ]
Jrw b ]
K4 3
Je 1
Je k]
Je Tl
ke ]
Je 1
ka4 1
T 1
Kec 1
Je 3
Jree k|
Jmw 1
Jmr ]
Jr k]
x4 1
Kp B
Je 1
Jrr 1
Je 2
Je 1
- 1
Je 1
Jrwt 1y
Jr 1
Je 1
Je 1
Je 2y
K4 1
Ju 1
™ 14
Valancia

K4

) 2 (
Je 2 (
Joow 1
4 1
q 3
Host  Raf.
ra Up
P Up
Py 2p
Jm 2p.
- 3
Ps Hp.
Pe 2p.
- h]
Pe 1
- ]
pe 1

- 1
Pe 1
- 1

- 3
- ]
Pe 2p
Pr 1

- 1

- 1
Host Raf.
- 1
Pa h]
Pa 1
Pa 1

- 1
Pa {p.
- ip.
- 1



FIGURE 1—19—RADIOACTIVE OCCURRENCES IN McKINLEY COUNTY, NEW MEXICO
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DEPOSITS IN IGNEOUS AND DEPOSITS IN SANDSTONE DEPOSITS IN OTHER DEPOSITS OF
CLASS '
METAMORPHIC ROCKS VOLCANIC ROCKS DEPOSITS SEDIMENTARY ROCKS  UNCERTAIN ORIGIN
PRODUCTION CATEGORY
OCCURRENCE, NO PRODUCT ION X Iy 0 O 0
UP TO 20,000 POUNDS U30q R A =® S
20,000-200,000 POUNDS U30g ® n o ¢
200,000- 2 MILLION POUNDS U30g ' @ o
2 MILLION 20 MILLION POUNDS U3Og ®
GREATER THAN 20 MILLION POUNDS =
U0 :

TABLE 1-1 - KEY TO SYMBOLS USED ON RADIOMETRIC OCCURRENCE LOCATION MAPS



TE" 'i'1 ~URANIUM ORE DEPOSITS AND MINES IN THE AMBROSIA LAKE SUBDISTRICT, .
. GRANTS URANIUM DISTRICT, MCKINLEY AND CIBOLA COUNTIES, NEW MExmo. e

COMFILED BY V.T. MCLEMORE FROM FIELD RECONNAIBBANCE {1980 —1981)

U.8. ATOMIC ENERGY comuux'j'

’ ,UNPUBLIBHED DATA, NMBMMR UNPUBLISHED DATA, quEuN

woon AND anlswom luc huvo),
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Landmark structure . . . . .. . ... .. e s Street
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Public park or recrearion area -

Forest or game {and area. -

Other public area or :
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ROAD CLASSIFICATION

Primary highway, hard surface . .
Secondary highway, hard surface. .
Lightduty road. hard or toproved surface .

Perenniai siream. lake

Intermittent stream. lahe. .

Village or locality . .

Street or unimproved road. . . . . e
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REFERENCE # 3

NAVAJO SUPERFUND OFFICE

BROWN VANDEVER URAN-
IUM MINE REFERENCE
MATERIAL




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEET

SITE NAME _ FREWITT USEPA SITE NO. 1D9806227723
DATE APRIL 11,1990 TIME 10:00 2mWEATHER  CLEAR
PHOTOGRAPHER 2. MOLLOY ANGLE/DIRECTION _233° =
FILM TYPE PCOLARCID FRAME NO. L
DATA TAKEN WITH PHOTOGRAPH:  wus vuoyr «sx
1. Soil Sample )
2. Surface Water Sample ( )
3. Air Monitoring Device ()
Reading:
- 4. Radiation Survey ( )
Reading:
Deep Well Water Sample (
6. Photograph Below: .-:
= -
7. DESCRIPTION __ Ny CORNFI OF S778  TO0KING SW: BARRILS SaD
CATCHMENTS, NO PERSONNEL M SITE




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME _ 2REWITT USEPA SITE NO. NMD280622773
DATE _aPRI. .:.,i290 TIME WEATHER __~rrap '
PHOTOGRAPHER _2, Qizlv ~ ANGLE/DIRECTION 2= - ==
FILM TYPE P2OLARQID FRAME NO. N
DATA TAKEN WITH PHOTOGRAPH: %= NONET «x»
1. Soil Sample { )
2. Surface Water Sample ( )
3. Air Monitoring Device ()
Reading:
4. Radiation Survey { )
Reading:
5. Deep Well Water Sample { )

6. Photograph Below: +“=:S

o —
o - 2
T .
7. DESCRIPTION _NW CCRNER CF S17= TOOKTNG S, wGiNos
DRIZLING RIG AND LAGOCNS




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEET

SITE NAME SAYSTACE (GROLM USEPA SITE NO. HONE
DATE :PRIL ..,590 TIME _ 0::5am WEATHER _CiraRr '
PHOTOGRAPHER Z, MOLLCY ANGLE/DIRECTION_ 90" '
‘FILM TYPE FOLARCID FRAME NO. 3
DATA TAKEN WITH PHOTCGRAPH: YES
. Soil Sample ('
Surface Water Sample ( )
Air Monitoring Device « )
Reading:
4. Radiation Survey (¢ )
Reading: _nrim#19-7gR nr-L :: ESP-II-7(.03 cpn
5. Deep Well Water Sample { )
6. Photograph Below: =g
|
|
7. DESCRIPTION _ HAYSTACK AREA REFERENCE/BACXKGRQUND CHECK

LOCATION, LOOKING




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME _22C01 "INDEVER URANIUM HINE  USEPA SITE NO. 107 5osrac:

DATE TIME _.0:0Cam WEATHER _(-=aR
PHOTOGRAPHER _ 2. lOLLOY ANGLE/DIRECTION 50 ° /NNE
FILM TYPE 20LAROID FRAME NO. _ 1

DATA TAKEN WITH PHOTOGRAPH: *** WNONE *=*

Soil Sample { )
2. Surface Water Sample ()
3. Air Monitoring Device { )
Reading:
4. Radiation Survey '( )
Reading:
5. Deep Well Water Sample ()
VTS

6. Photograph Below: 7=

7. DESCRIPTION _REGIDENCE LCCATIONS W OF HAYSTACK BUTTE,

LOCKING NNW




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHERT

SITE NAME ZZ22WN VANDEVER URANIUM MINE USEPA SITE NO. HOT SSIGNED
DATE _~ogr:i’ .. -9cg TIME _“(g:20-m WEATHER _c-rap
PHOTOGRAPHER . onocv ; ANGLE/DIRECTION -g5° '‘rvro
FILM TYPE =7:_.201D FRAME NO. 3
DATA TAKEN WITH PHOTQOGRAPH: NONC
k 1. Soil Sample ( )
Surface Water Sample « )
3. Air Monitoring Device ( )
Reading: '
4. Radiation Survey ()
Reading: '
Deep Well Water Sample ( )

6. Photograph Below: o

7. DESCRIPTION _HAYSTACK RBUTTZ, REFFRENT, TOOKING © NP TiF




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOGC SHEET

SITE NAME 3ROWN YANDEVER URANIUM MINE USEPA SITE NO. NOT ASSIGNED

DATE APRIZ 11,1990 TIME 10:25am WEATHER _CLEAR

PHOTOGRAPHER 2. MCLLCY ANGLE/DIRECTION
FILM TYPE POLARCID FRAME NO. 5

DATA TAKEN WITH PHOTOGRAPH: *x+ NONE *+*=

1. Soil Sample , ()
Surface Water Sample { )
Air Monitoring Device ()
Reading:

4. Radiation Survey ()
Reading:

Deép Well Water Sample ( )

6. Photograph Below: VTS

e -
PO o

)

Hin R

67 1z,

7. DESCRIPTICON _RESIDENCES W OF HAVYSTACK BUTTE, LOOXINC

NE




. N e EE

. == e

NAVAJO SUPERFUND DEPARTMENT

FIT

SITE NAME

JROWN VANDEVER URANIUM MINE

PHOTOGRAPH LOG SHEET

DATE APRIL 11,1990 TIME
PHOTOGRAPHER 2. MOLLGOY

10:z%am

USEPA SITE NO. NQOT ASSIGNED

WEATHER CLEAR

ANGLE/DIRECTION_ 2 : ‘=ur

FILM TYPE _20LARCID

DATA TAKEN WITH PHOTOGRAPH: YES

1.

7.

Soil Sample
Surface Water Sample
Air Monitoring Device

Reading:

Radiation Survey

Reading: LUDriM#i9-24yR . hr-=

Deep Well Water Sample
Photograph Below: +=cs

()

DESCRIPTION

TREHCH CUT NNE QOF B

VANDEVER PRESTIDENCT

LOOKING NE. NOTE FRAMES 8, 9, 10 TAKEN AT SAME 0

CATION




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME _ 3ROWN VANDEVER URANIUM MINE  USEPA SITE NO.NQT ASSIGNED

DATE _APRIL 11,1290 TIME 10:2Zam WEATHER _CLEAR
PHOTOGRAPHER 2. :CLLOY ANGLE/DIRECTION 70° une
FILM TYPE _»0LARCID FRAME NO. 3
DATA TAKEN WITH PHOTOGRAPH: VES, SEE FRAME 7
‘ Soil Sample « )
Surface Water Sample ( )
Air Monitoring Device ( )
Reading: »
4. Radiation Survey (X)
Reading:
Deep Well Water Sample ()

Photograph Below:

PR .
ook
D2

7. DESCRIPTION _ TATILINGS FROM INCLINED ADIT IN FPRAME 12,

LOOKING NNE




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHERT

SITE NAME _ 3ROWN JANDEVER URANTUM MINE' _ USEPA SITE NO.NOT ASSIGNED

DATE _SPRIZ _1,.990 TIME 10:25am WEATHER CLEAR
PHOTOGRAPHER __ ©. MOLLCY ANGLE/DIRECTION 0~ =
FILM TYPE _20LARCID FRAME NO. _©

]

6]
iy
e
~l

DATA TAKEN WITH PHOTOGRAPH: YIS, SEE

1. Soil Sample ()
Surface Water Sample ()

3. Air Monitoring Device ()
Reading:

4. Radiation Survey (<)
Reading:

5. Deep Well Water Sample { )

6. Photograph Below: gz

-3
4
2
I'r]
Ne
'
g
i
()]
1
]

7. DESCRIPTION MT . TAYILOR AS REFPEREN

CTNTER BACKGRCUND, LOOXING F




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME _ 330WN YANDEVER URANIUM MINE _ USEPA SITE NO. NOT ASSICNED
DATE _3PRIL ©1,1990 TIME :0:25am_ WEATHER _CLEAR
PHOTOGRAPHER _ 2. MOLLOY ANGLE/DIRECTION _70° “in©
FILM TYPE 20LARCID FRAME NO. __ .0 |
DATA TAKEN WITH PHOTOGRAPH: 7ZS, 325 FRaME 7

Soil Sample 00

Surface Water Sample ( )

Air Monitoring Device ( )

Reading:

4. Radiation Survey ()
Reading:
Deep Well Water Sample ( )

loullay

6. Photograph Below: =3

C TS,
S E R O .
- 1 . e - .
Ll TV HE = Pr_=, |
7. DESCRIPTION _ MARTINET RBISTDENCES AT CENTER MIDDLE-

GROUND, LOQKING NNE




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME 3ROWN YANDEVER URANIUM MINE USEPA SITE NO. 0T L32IGNED

DATE _APRIL 11,1950 TIME 10:25am_WEATHER _CLEAR

PHOTOGRAPHER _ 2. OLLOY ANGLE/DIRECTION -
FILM TYPE 2QLARCID FRAME NO. -
DATA TAKEN WITH PHOTOGRAPH: *xx NONEL * %=

Soll Sample ( )

Surface Water Sample ( )

Air Monitoring Device ( )

Reading:

4. Radiation Survey )
Reading:
Deep Well Water Sample ( )

Photograph Below: %MNO

7. DESCRIPTION CoaMD rAcT




T T e

NAVAIJIO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME SROWN VANDEVER URANIUM MINE USEPA SITE NO. NOT_ASSIGNED

DATE _APRIZ 11,1990 TIME l0:25am WEATHER _CLEAR
PHOTOGRAPHER _ 2. IOLLGY ANGLE/DIRECTION - ‘i
FILM TYPE _2CLARCID FRAME NO. 5

DATA TAKEN WITH PHOTOGRAPH: LS

1. Soil Sample ( )

2. Surface Water Sample ( )

3. Air Monitoring Device ( )

Reading:

4. Radiation Survey ( X)
Reading:__UDLUN319 - 21uR.ar~t : & FACE OF ADIT
Deep Well Water Sample )

6. Photograph Below: <ES

—
A= ¢

N

7. DESCRIPTION INCLINED ADIT N OF 3, VANDEVTR RESINENCT,

LOCOKING NNW




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHERT

SITE NAME SROWN YANDEVER TRANIUM MINE USEPA SITE NO.NQOT ASSIGNED

DATE APRIL 11,1990 TIME :0:25am WEATHER _CLFAR
PHOTOGRAPHER __ 2. MOLLCY ANGLE/DIRECTION _i3° ¢
FILM TYPE 20LAR0QID FRAME NO. 13

DATA TAKEN WITH PHOTOGRAPH:  «<x~ yong «s+
1. Soil Sample (

Surface Water Sample ()
Air Monitoring Device (

Reading:
4. Radiation Survey ( )
Reading: ‘
5. Deep Well wWater Sample ( )
6. Photograph Below: YIS

@]
O
]
=i
i
i

7. DESCRIPTION 2xR TRENCH AND TAITINGS PILE SSE

~

CLINED ADIT, LOORING NE




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME

SROWN VANDEVER URANIUM MINE

DATE APRIL

PHOTOGRAPHER
FILM TYPE _2CLARCID

USEPA SITE NO. NQOT ASSIGNED

DATA TAKEN WITH PHOTOGRAPH: vEs

1.

7.

Deep Well Water Sample
Photograph Below: <~E=¢S

PR )
e——s

U HeT ook’ )

(

DESCRIPTICN QRE _SAMPLE "HQOT

ROCK”™

=.,.290 TIME 10:23am WEATHER CrLEAR
2. MOLLCY ANGLE/DIRECTION ;
FRAME NO. B!
Soil sample { )
Surface Water Sample ()
Air Monitoring Device { )
Reading:
Radiation Survey ( X)
Reading:__.imR,hr~1/iUDLUMZELY) @ FACE OF MATERIAL




e~

A L L ks R D A NA A s 4w - — .
—

DATA TAKEN WITH PHOTOGRAPH: YES

1. Soil Sample ( )
2. Surface Water Sample ( )
3. Air Monitoring Device ()
Reading:
4. Radiation Survey ( X)
Reading:_350uR.hr=!{LUDLUM%19) : @ EDGE OF "
5. Deep Well Water Sample ( )

6. Photograph Below: vYES

-~ T : RN el U s /{/' 7
SR, EEt
O
7. DESCRIPTION _ TRENCH AT CENTLR MIDDLEGROUND -
"LOADING BAY", LOOKING N OF NNE '




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME SROWN VANDEVZIR URANIUM MINE USEPA SITE NO.NOT SSIGNED

DATE =~PRIL Ll,l990 TIME _0:25am WEATHER _CLEAR

PHOTOGRAPHER 2. MOLLCY ANGLE/DIRECTION 07/ +7 wiug
FILM TYPE _PCLARCID FRAME NO. ‘g
DATA TAKEN WITH PHOTOGRAPH: VYES

1. Soil Sample ( )

2. Surface Water Sample ( )

3. Air Monitoring Device )

Reading:
4. Radiation Survey ( <)

5. Deep Well Water Sample ( )

6. Photograph Below: ~&s

7. DESCRIPTION TRENCH AT CENTER HIDDLEGROUND I3 CRE

PEST)

Reading:_350uR.hr-l/T0DIUM219) ¢ 2 EDGE OF "LOADING 34%

L

"LOADING BAY", “OCKING N OF NNE




NAVAIJO SUPERFUND EDEEI’I\EQ??DGEZPJﬁ?
FIT PHOTOGRAPH LOG SHEET

SITE NAME 3RCWN VANDEVER U2ANTUM MINE USEPA SITE NO. ynm scc-ruon

DATE _APRIL 1:,1990TIME _:::5am WEATHER (rrar —-n srtopmry AVED S Aam

PHOTOGRAPHER _ 2. MCLLOY ANGLE/DIRECTION_ 43° =

FILM TYPE _ PCLAROID FRAME NO. 16

DATA TAKEN WITH PHOTOGRAPH: *Ax NONE ***
Soil Sample ()
Surface Water Sample ( )
Air Monitoring Device ()
Reading:
4. Radiation Survey « )

Reading:
5. Deep Well Water Sample ()
6. Photograph Below: &S

LD prakigsE

7. DESCRIPTICN DRAINAGE © OF TAILINGS PIiLES, LOOKING

-l




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME _ 3ROWN VANDEVER URANIUM MTNE USEPA SITE NO. yor sccr-yon
DATE _APRIZ 11,1900 TIME _::l3am WEATHER _12an 70 cr-pumry Aucoeace

PHOTOGRAPHER _ ?. MOLLJY ANGLE/DIRECTION_:30°/w
FILM TYPE ?CLAROID FRAME NO. ‘5!
DATA TAKEN WITH PHOTOGRAPH: YES
' 1. Soil sample ()
2. Surface Water Sample { )
Air Monitoring Device ()
Reading:
4. Radiation Survey (X))

Reading: SEE BELOW IN DESCRIPTION

5. Deep Well water Sample ( )
6. Photograph Below: “ES , EXTRA FRAME

Tt

il -

ATt oF DA NASE.

7. DESCRIPTION AQUTH CF DRAINAGE, TAILINGS PILL ON RIGHT,

ESP-II READINGS: 3MQUTH - 5(104); @MIDWAY PAST TAILINGS

- 6.5(10%); 3END OF TAILINGS - 3.25(104): ALL READINGS

IN com., LOOKING W




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

Py

SITE NAME _ 3ROWN VANDEYVER TRANITM MINE USEPA SITE NO. yor -.screnen

DATE _SPRIL ", 1990 TIME _:;iSag WEATHER _"roap mn srzpmmry cocoresan

PHOTOGRAPHER _ 2. MOLLCY ANGLE/DIRECTION__:0g°
FILM TYPE _2DLAROID FRAME NO. .
DATA TAKEN WITH PHOTOGRAPH: vE3
1. Soil Sample ( )
Surface Water Sample ( )
Air Monitoring Device ( )
Reading:
4. Radiation Survey (X )
Reading: 5.5010% com(TSP- II) IN DRAINAGE 3ELOW CTDAR
Deep Well Water Sample FREE ()

6. Photograph Below: YZ=S

7. DESCRIPTION GAMMA RATEMETER READING IN DRAINAGE =

" OF TAILLINGS PILES{SLE DIAGRAM ON FOLLOWING PAGL!,

LOOKING N




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME 3RCWN VANDEYVER TIANIDM WTNF "USEPA SITE NO. ynr rC T
DATE _APRIL _1,i890TIME _:: Zam WEATHER _"rzap mr Sr-rumry Auycoesc-

PHOTOGRAPHER 2. MCL.CY ANGLE/DIRECTION_ 202 'oyr¢
FILM TYPE _ “QLAROID FRAME NO. _ :3g
DATA TAKEN WITH PHOTOGRAPH: YES
1. Soil Sample ( )
. Surface Water Sample ( )
Air Monitoring Device ( )
Reading:
4. Radiation Survey ( X)

Reading: _ 3.3(10% =cm/=SP-TI) : 9 BOND IN WASH
Deep Well Water Sample {

—

‘6. Photograph Below: :Z

7. DESCRIPTION __ gruvas 2ATEMETER READING DOWN DRAINACE

() TN ¢ASHE = or TATTINGS, TOOKING SSEb




-~

NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME 3RCWN YANDEVER URANIUM MINFE USEPA SITE NO. ynT 1cortrsuen

DATE APRIL “1;1990 TIME *‘:'.#E‘FEQ WEATHER COFAR TN QI TOUMTY NUYDD A e
PHOTOGRAPHER _ 2. “OLLQY ANGLE/DIRECTION
FILM TYPE ~CLAROID FRAME NO. N FRAME

DATA TAKEN WITH PHOTOGRAPH: SKETCH, OF £ FLOWING DRAINAGE
1. Soil Sample ()
2. Surface Water Sample ()

Air Monitoring Device ( )

Reading:

4. Radiation Survey . ()
Reading:
Deep Well Water Sample ( )

Fx ok ONLE O Rhok

6. Photograph Below:

~ . — CLCDAR TREE

TAILINGS
3
o - «  BIND
e - —
* . -
* - — - e

MCUTH  MIDWAY ~—=EBND

’ *
— 120"

- X

* - RADIOHETRIC‘READZNGS TAKEN

7. DESCRIPTION SKETCH OF DRAINAGE




iy "
D S

NAVAIJO SUPERFUND D
FIT PHOTOGRAPH LOG SHEET

SITE NAME _ 3ROWN VANDEYESR UBANTUM MINE USEPA SITE NO. yoo .gzr-usn
DATE _aPRIL 1. ,1990 TIME _11:i3am WEATHER (" PAR mn afcrumryv Atsmoqsam
PHOTOGRAPHER _ 2. MOLLOY ANGLE/DIRECTION_1g5"
FILM TYPE ©29LAROID FRAME NO. .
DATA TAKEN WITH PHOTOGRAPH: <vES
1. Soil sample ()
2. Surface wWater Sample ( )
3. Air Monitoring Device ( )
Reading: '
4. Radiation Survey (x )
Reading: 2.5(1C%)com(ESP-T2) @ENTRANCE TO TRENCH
5. Deep Well Water Sample ( )
6. Photograph Below: YEZS
|
|

7. DESCRIPTICON TRENCH CUT NZ OF B. VANDEVER RES., SEE
ACCCMPANYING SKETCH [OM FOLLOWING PAGE, LOOKING W.




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME BROWN VANDEVER URANTIUM MINE USEPA SITE NO.NOT ASSIGNED

'DATE _APRIL 11,1990 TIME 10:25am WEATHER _CLEAR

PHOTOGRAPHER P, MOLLOQY ANGLE/DIRECTION B
FILM TYPE POLAROID FRAME NO. vA PR AME

DATA TAKEN WITH PHOTOGRAPH: SCC PRIEVICUS TFRAME
1. Soil sample ()

2. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey ( X)
Reading:
Deep Well wWater Sample ()
Photograph Below: *** SRETCH ***
A
"y
- - - e

f Iy TR Y v TR ~
L‘P\LNCE COR.A.\..R (./RE
BT
ol

7. DESCRIPTION _ SKETCH OF TRENCH CUT NE OF B.V. RESIDENCE




INAV AU DUL LLCE WiaVher i aads & e datav o

FIT PHOTOGRAPH LOG SHEET

SITE NAMB _ BROWN VANDEVER URANIUM MINE  USEPA SITE NO. NQT Ass GNED
DATE APRIL 11,1990 TIME ar2renno'WEATHRR _CLEAR
PHOTOGRAPHER _ P. MOLLOY ANGLE/DIRRCTION °0° '
FILM TYPE POLARQID FRAME NO. 20
DATA TAKEN WITH PHOTOGRAPH: A% ONE **x*

Soil Sample « )

Surface Water Sample ( )

Air Monitoring Device ( )

Reading:

4. Radiation Survey ( )
Reading:

_—
—

Deep Well Water Sample
Photograph Below: =g

7. DESCRIPTION REFFERENCE PRAME -~ GFOTLOGY/FORMATIONS
PRESENT 4 HAYSTACK BUTTE, LOOKING N., SEFE FOLLEWING

'ANNOTATED PHOTO FACSIMILE




WNAV AU DU B sy wa

L Iy det At T A RAN ALY

FIT PHOTOGRAPH IOG SHEET

PHOTOGRAPHER __P. MOLLCY

SITE NAMB _ BROWN VANDEVER URANIUM MINE USEPA SITE NO. NQT ,5&& GNED
DATEB APRIL 11,1990 TIME ArTroycCoiWBATHER _CLEAR

(i}

FILM TYPE _POLAROID FRAME NO. __ 20’

DATA TAKEN WITH PHOTOGRAPH: *** NONE *=*~

Soil Sample

2. Surface Water Sample
Alr Monitoring Device
Reading:

« »
()
()

4. Radiation Survey
Reading:

Deep Well Water Sample
Photograph Below: /=g

7. DESCRIPTION Bl INT

ERQ CINDFR CONE REFCRENT

ANGLE/DIRECTION 2710 - -

TR TG

P
i~
g




JAKOTA Kd

SIORRISON
FORMATION

SUMMER,, .-
VYILLLE Js

(exe) )

NAVAJO SUPERFUND OFRICE

BROWN VANDEVER URANIUM HIkE

LOCAL GEOLOGY:

PATRICK

ANTONIO, NSO STAFf,gYEROLC-

GIST TO P. MOLL

3CI~/\




NAV AU ODDur Licwa wavis A A ET LWL A AL AY A

F1T PHOTOGRAPH LOG SHEET
SITE NAME _ BROWN VANDEVER URANIUM MINE _ USEPA SITE NO. Ngz_ggg_gg_g_
DATE _APRIL 11,1590 TIME z-Tr2:NCcoWEATHER _CLEAR
PHOTOGRAPHER __ P. MOLLOY ANGLE/DIRECTION 200 /%iSW
FILM TYPE _POLARQOID FRAME NO. 21
DATA TAKEN WITH PHOTOGRAPH: “** NONE ***
Soil Sample «( )
. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey | (S
Reading:
S. Deep Well Water Sample ( )
' Photograph Below: vrg

7. DESCRIPTION 3. VONDEVER CUTFIT RESIDENCES, LOJKING

WSW




‘R N

I BN e

e P BN e e e e
4 g NN R EE e

AWNAV AU [~ NS oy - VW W W Y W L I T WP NS P I "

FIT PHOTOGRAPH LOG SHEET
SITE NAME _ BROWN VANDEVER URANIUM MINE USEPA SITE NO. NOT ASSIGNED
DATE _APRIL 11,1990 TIME 2r-Z2NQOCONWEBATHER _CLEAR "
PHOTOGRAPHER __ P. MOLLOQOY ANGLE/DIRECTION 0~ 'C
FILM TYPE _POLAROID . FRAME NO. 22
DATA TAKEN WITH PHOTOGRAPH: YCS
1. Soil Sample ( )
2. Surface Water Sample { )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey (x)
Reading:__:05com(RSP-T7) 2 EDGE OF ROAD
5. Deen Well water Sample N

. Photograph Below: =<

7. DESCRIPTION "HOT ROAD" WEST OF B. V. RESIDENCES, SUZ2-

FACE WORKS WASTE PITTS 4 RIGHT MIDDLEGROUND, MT, Thv-

LOR @ UPPER LZFT BACKGROUND AS REFERENT




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEEY

SITE NAME _ BROWN VANDEVER URANIUM MINE _ USEPA SITE MO.NOT ASSIGNED

DATE APRIL 11,1990 TIME

PHOTOGRAPHER

P. MOLLOY

FILM TYPE POLAROID FRAME NO.

23

WEATHER _CLEAR

ANGLE/DIRECTION

2IN o ey

i

DATA TAKEN WITH PHOTOGRAPH: xxx NONE ***

Soil Sample

Surface Water Sample
Air Monitoring Device
Reading:
Radiation Survey
Reading:
Deep Well Water Sample
Photograph Below: <¢rs

( )
¢ )
()
(X)
()

7.

o
2w — TP

7 S

(o, VS EVER

¥

7N
o

CINE 2 Wi

DESCRIPTION _MNANS - & - BAN 7ANDZUTo LRI
EXTENT OF B. YAMUDEVER WORKS, Q7T UOATNAGCE, T0OC0K-

ING W




‘. -

N R P N N N e

.

NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEEY
SITE NAME _ BROWN VANDEVER URANIUM MINE  USEPA SITE NO.NQT ASSIGNED
DATE _APRIL 11,1990 TIME 2;ToRNQoNWEATHER _CLEAR
PHOTOGRAPHER __P. MOLLOY ANGLE/DIRECTION "= ° ‘i
FILM TYPE POLARQOID FRAME NO. D4
DATA TAKEN WITH PHOTOGRAPH: *xx NONE **x*
Soil Sample ( )
. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey - (x)
Reading:
Deep Well Water Sample ( )

6. Photograph Below: v=g

et -
2=, - &0
[ ]

:

(RS VANEUER- 2

" 7. DESCRIPTION NANA -~ A - BAH YANDEOYTR MINE ADTT TRENDTNG
N, ADIT I35 BARRTD




NAVAJO SUPERFUND DEPARTMENT

7.

DESCRIPTION __yESTrey ©XTENT TF SUREACE HORKS

HSW

FIT PHOTOGRAPH LOG SHEET
SITE NAME _ 3ROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NOT ASSIGNED
DATE _APRIL 11,1990 TIME Ar7cnNCCIWEATHER _CLEAR
PHOTOGRAPHER P. MOLLOY ANGLE/DIRECTION
FILM TYPE POLAROID FRAME NO. 23
DATA TAKEN WITH PHOTOGRAPH: *** MONE *#+
1. Soil Sample { )
2. Surface Water Sample ()
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey ( X)
Reading:
S. Deep Well Water Sample ( )
6. Photograph Below: .:cg

ke

\

R Y REATOTNCE . COOKTING

L&l




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEET

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE MNO.NQT ASSIGNED
DATE _APRIL 11,1990 TIME ar-=23n00:WEATHER _CLEAR

PHOTOGRAPHER __ P. MOLLOY ANGLE/DIRECTION _ 350°.F CF £5:
FILM TYPE P2OLAROID FRAME NO. 25
DATA TAKEN WITH PHOTOGRAPH: **x % NONE ***

Soil Sample ( )

Surface Water Sample ( )

Alr Monitoring Device ( )

Reading:

4. Radiation Survey ()
Reading:
Deep Well Water Sample { )

6. Photograph Below: VES

7. DESCRIPTION SURFACE WORKS WSW OF B, V., RES,. TOOKTNG
E OF ESE; NCTE MT. TAYLOR IN FAR LEFT BACKGRQUND

.5 REFERENT




NAVAUO SULNLLEND Wity  i/aus anas w s atmay o

FIT PHOTOGRAPH LOG SHEET
SITE NAME _ BROWN VANDEVER URANIUM MINE  USEPA SITE NO. NQOT ASSIGNED
DATE _APRIL 11,1990 TIME zzrcoonooWEATHER _CLEAR _ulou oazy ~roupe
PHOTOGRAPHER __P. MOLLOY ANGLE/DIRECTION_ 20°/r cr ENE
FILM TYPE PCLAROID FRAME NO. 27
DATA TAKEN WITH PHOTOGRAPH: YES, NOT WRITTEN DOWN
1. Soil Sample | (O
2. Surface Water Sample { )
3. Air Monitoring Device ( )
Reading: '
4. Radiation Survey ( )
Reading: S5 LRl L LUDLUME D), 10%cpm(ESP-T1 )

Deep Well Water Sample **q AJPROXIMATE ***
Photograph Below: -5

7. DESCRIPTION SURFACE WORKS WSW OF B, V. RES ., SEF POLIOW-
ING SKETCH, LOOKING & OF ENE




NAVAULY OWUE s Vivly 1o Cia N Liitaae 4

FIT PHOTOGRAPH [OG SHEEI
SITE NAME _ BROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NQT ASSIGNED
DATE APRIL 11,1990 TIME WEATHER _CLEAR )
PHOTOGRAPHER P. MOLLOY ANGLE/DIRECTION
FILM TYPE _POLAROID FRAME NO. 28 :

DATA TAKEN WITH PHOTOGRAPH: #4% NONE ***

: (
6. Photograph Below: YES, SEE SXE

Soil Sample { )
Surface Water Sample { )
Air Monitoring Device ( )
Reading:
4. Radiation Survey (X))
Reading: __ , P S

Deep Well Water Sample

7. DESCRIPTION SEE SKETCH




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE NO. ny~m chfﬁmrn
DATE APRIL 11,1990 TIME ii:15am WEATHER (~-rFap Tn Sr~roymryv OUERCAG—

PHOTOGRAPHER __ 2. MOLLCY ANGLE/DIRECTION__SZE CKETCH
FILM TYPE P2OLAROID FRAME NO. 29 |
DATA TAKEN WITH PHOTOGRAPH: sxx yonz «#x
Soil Sample « )
Surface Water Sample ( )
Air Monitoring Device ( )
Reading:
4. Radiation Survey ( )
Reading:
Deep Weil‘Water Sample { )
6. Photograph Below: w23

7. DESCRIPTION




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NA-HE BROW.N VANDEVER CQANIU“ MINE USEPA SITE NO. NOT A CSTONTH

DATE _APRIL 11,1390 TIME _i:i3am WEATHER _(1rap o0 si-cumry auenesen
PHOTOGRAPHER 2. MOLLGY ANGLE/DIRECTION_crc SKETCE
FILM TYPE °“QOLAROID FRAME NO. 30
DATA TAKEN WITH PHOTOGRAFPH: **x* NONE ***
1. Soll Sample ‘ ()
2. Surface Water Sample ( )
Air Monitoring Device ()
Reading:
4. Radiation Survey (X )
Reading:

Deep Well Water Sample ()
6. Photograph Below: YES

7. DESCRIPTION




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

DATE _APRIL 11,1980 TIME _1;13apm WEATHER _rpap 70 Sl iouTrvY ~ysncaces
PHOTOGRAPHER P. MOLLOY ANGLE/DIRECTION SEE SKEwCH
FILM TYPE -“OLAROID FRAME NO. 31
DATA TAKEN WITH PHCTOGRAPH:

Soil Sample _ ()

Surface Water Sample ()

Air'Monitoring Device ( )

Reading:

4. Radiation Survey (%)
Reading:
Deep Well wWater Sample ( )

6. Photograph Below: vgcg

7. DESCRIPTION




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE NO.NQT ASSIGNED

DATE APRIL 11,1930 TIME 2:3 om WEATHER CLEAR —n crropmr v AYDD O Qo
PHOTOGRAPHER __P. MOLLOY ANGLE/DIRECTION <or currm e
FILM TYPE DPOLAROID FRAME NO. 32

DATA TAKEN WITH PHOTOGRAPH: XX ONOUE *xx

1. Soil Sample . ()
2. Surface Water Sample ( )
3. Air Monitoring Device ()
Reading:
4. Radiation Survey ' ()
Reading:
5. Deep Well Water Sample (
6. Photograph Below: -;55

7. DESCRIPTION




NAVAJO SUPERFUND DEPARTMENT

SITE NAME

FIT PHOTOGRAPH LOG SHEET

SROWN VANDEVER URANIUM MINE

DATE APRIL

PHOTOGRAPHER _ 2.

FILM TYPE

DATA TAKEN WITH PHOTOGRAPH: SKETCH

USEPA SITE NO. yor sccrrurn

11,1990 TIME __.::3am WEATHER (rrap =-n SLIGHTIY nyoocacm
MOLLOY ANGLE/DIRECTION _ _ _
QLARQID FRAME NO. MO FRAME

Soil Sample ( )
Surface Water Sample « )
Air Monitoring Device (. )
Reading:
4. Radiation Survey ( X)
Reading: SEE BELOW '
Deep Well Water Sample { )
6. Photograph Below: Kk x NONE ko*k
~ FRAME 30
,//
e NT—— FRAME 31
/:
f
/
. .25 mi <—— FRAME 29
5 mi T~. CRAME 28
' . £sp-11: 2.5(10%)
—— LE19: 120uR.hr~ !
\k FRAME 27
"y
— FRAME 26
N
\ '
FRAME 253 * RADIOMETRIC READINGS ASSOCIATED
WITH FRAME 27 .
7. DESCRIPTION SKETCH OF AREA WHERE RADIOMETRIC READINGS

WERE TAKEN,




NAVAJO SUPERFUND DEFPARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME 2ROWH YANDIEYER URANTIIM THo USEPA SITE NO. o

-
o P gy

DATE _APRIL 11,1990 TIME pp7eRyQONWEATHER CIEAR 70 SIIGHTIY (QVERCAST

N v
(e apey b 2 g wid

PHOTOGRAPHER _P. MOLLOY ANGLE /DIRECTION_135° ‘nu
FILM TYPE POLARCID FRAME NO. 33
DATA TAKEN WfTH PHOTOGRAPH: YELS
1. Soil Sample (|
2. Surface Water Sample ( )
Air Monitoring Device ( )
Reading:
4. Radiation Survey (X )

Reading: 10uR.hr~Ll(LUDLUM219), 104%cpm{ESF-1IT
FACE OF EZSHACK

Deep Well Water Sample ( )
6. Photograph Below: =S

7. DESCRIPTION _B. VANDEVER TIMBERED SHAFT, SHAFT AT AN IH--
CLINATION (7 10° FROM VERTICAL, CIRCULAR APERTURE :
EASIZY

ON S FACING WALL IS5 WIRED QVER BUT WIRE IS5
REMOVED, SHAFT ASPIRATES, "300 FT. DEEP" B. V. TO

. P. HMOLLOY, APRIL 11,1990



NAVAJO SUPERFUND E)EBE’I\PQfFPdEEP@GD

FIT PHOTOGRAPH LOG SHEET

SITE NAME BROWN VANDEVER URANIUM MINE USBPA SITE RO. NQT ASSIGNED

DATE APRIL 11,1990 TIME éEfT‘f:‘EQONmm

PHOTOGRAPHER __P. MOLLCY

FILM TYPE _POLAROID FRAME NO.

CLEAR 70 STIGHTIY QVERCAST

ANGLE/DIRECTION ~=0° ‘ronyg

3.3

DATA TAKEN WITH PHOTOGRAPH: *** NONE ***

Soil Sample
Surface Water Sample
Air Monitoring Device
Reading:
4. Radiation Survey
Reading:
Deep Well Water Sample
Photograph Below: YES

339, ,
(JENT. SH. vEETICAL )

()

7. DESCRIPTION _ YERTICAL WENTTITATTION SHAFTG(2), #ncooow
BROWN VANDEVER AT RIGHT MIDDLEGRQUND, SHAFTS "300
FT. DEEP" - B. V. TO P. MQEHOY, APRIL 11,1990, T00K-

WNW

/O

[y




NAVAJO SUPERFUND DEPARTMENT
FIT PHOTOGRAPH SHE

SITE NAME _ BROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NQT ASSIGNED
DATE _APRIL 11,1990 TIME ArT=RNQONWEATHER _CLEAR TO SIIGHTLY OVERCAST
PHOTOGRAPHER P. MQLLOY ANGLE/DIRECTION -/ =

FILM TYPE POLARQID FRAME NO. 4

DATA TAKEN WITH PHOTOGRAPH: *** NONE ***
Soil Sample { )
2. Surface Water Sample ()
Air Monitoring Device ( )

Reading:

4. Radiation Survey (X))
Reading: UONE

5. Deep Well Water Sample { )

6. Photograph Below: YES

7. DESCRIPTION DRAINAGE & OF B. VANDEVER RESTDENCE,
FLOWS APPROXIMATELY S¢. NOTE MT. TAYLCR IN MIDDLE
BACKGROUND AS REFERENT.




NAVAJO SUPERFUND DEPARTMENT
' FIT_PHOTOGRAPH LOG SHEET

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE NO.NQT ASSIGNED
DATE APRIL 11,1990 TIME AFT=RNQONWEATHER _CLEAR 7O S[IGHTLY ~yS2CAST
PHOTOGRAPHER P. MOLLOQY ANGLE/DIRECTION 75 /iNC
FILM TYPE POLAROID FRAME NO. 35 .

DATA TAKEN WITH PHOTOGRAPH: *** NONE ***

Soil Sample , ()
Surface Water Sample { ).
Air Monitoring Device )
Reading:

4. Radiation Survey (X )
‘Reading:___ uONE
Deep Well Water Sample ( )

Photograph Below: ¥ES

7. DESCRIPTION SRATETAN UTT 7SS AR MAYSTACE RMmT

WELL (ISED POR_STOCKWATER AND 2 MNOTTE N UANHIYECD

URANTDM MTND TAITTNES 2770 @ CENTPER MTONTTGROITIS,




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEET
SITE NAME _ BROWN VANDEVER URANIUM MINE  USEPA SITE NO.NQT ASSIGNED
DATE APRIL 11,1990 TIME ArTeRNQONWEATHER _CLEAR T SIIGHTLY OVERCAST
PHOTOGRAPHER _ P. MOLLOY ANGLE/DIRECTION_-n~ ~nro
FILM TYPE _POLAROID FRAME NO. 35 ‘
DATA TAKEN WITH PHOTOGRAPH: *** MNONE ***
) 1. Soil Sample ( )
2. Surface Water Sample . ( )
3. Air Monitoring Device ( )
Reading: '
4. Radiation Survey (X )
- Reading:__ ~ionz
5. Deep Well Water Sample ( )

Photograph Below: YES

, !
i .

, Tt
- .
—F N o ™
<\Rz -

B ER

§
7. DESCRIPTION HAYSTACK CCOMMUNITY RESIDENCE SURYVEY . WNDT OF

HAYSTACK BUTTL.




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEET

SITE NAME _ BROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NQT ASSIGNED
- DATE _APRIL 11,1990 TIME AzT=eNOONWEATHER _CLEAR TQ SUIGHTLY OVERCAST

PHOTOGRAPHER _ P. MOLLOY ANGLE/DIRECTION_ - g4
FILM TYPE _POLAROID FRAME NO. _ 37
DATA TAKEN WITH PHOTOGRAPH: *** NONE ***
Soil Sample ( )
. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey ‘ (X))
Reading: NN »
Deep Well Water Sample ( )
YES

Photograph Below:

S =
~ =
[ e
=
L f‘ W
7. DESCRIPTION HAYSTACK COMMUNITY RESTIDENCE SURYTY . TiMrs

OF HAYSTACK BUTTE.




NAVAJO SUPERFUND DEPARTMENT

i
i Fl-nEReL L e
SITE NAMB __BROWN VANDEVER URANIUM MINE  USEPA SITE NO. NOT ASSIGNED
I DATE _APRIL 11,1990 TIME QETEINQONWEATHER _CLEAR 70 SIIGHTIY QUERCAST
PHOTOGRAPHER __P. MOLLOY ANGLE/DIRECTION__ :ng: oo
' FILM TYPE _POLAROID FRAME NO. __ 13
DATA TAKEN WITH PHOTOGRAPH: *** MNONE ***
1. Soil Sample ( )
' 2. Surface wWater Sample ( )
n 3. Air Monitoring Device ( )
Reading:
n 4. Radiation Survey (X )
: Reading: _ :jonco
- 5. Deep Well Water Sample ( )
I 6. Photograph Below: YES
I

7. DESCRIPTION _ avsmaCs COMMUNITY DOSINTNCD SURUDY o

CF HAYSTACK RUTTEL,




NAVAJO SUPERFUND DEPARTMENT

EI1T PHOTOGRAPH 1OG SHEET
SITE NAME _ BROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NQT ASSIGNED
DATE _APRIL 11,1930 TIME arTERNQONWERATHER _CLEAR TO SLTIGHTLY OVERCAST
PHOTOGRAPHER _P. MOLLOY ANGLE/DIRECTION - /vy
FILM TYPE _POLAROID FRAME NO. 38 |
DATA TAKEN WITH PHOTOGRAPH: *** MNONE *x*
1. Soil Sample ( )
2. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey (X )
Reading: Mo
Deep Well Water Sample ( )

Photograph Below: YES

7. DESCRIPTION AYSTACE COMMUNITY RESTIDENCE SURVEY, NW

OF HAYSTACK BUTTE,




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEEY
-SITE NAME _ BROWN VANDEVER URANIUM MINE  USEPA SITE NO. NOT ASSIGNED
DATE _APRIL 11,1990 TIME AETERNQCNWEATHER _CLEAR TO ST.IGHTLY OVERCAST
PHOTOGRAPHER _P. MOLLOY ANGLE/DIRECTION_ 310 ° -~=:
FILM TYPE DPOLAROID FRAME NO. 40
DATA TAKEN WITH PHOTOGRAPH: *** NONE *=**
Soil Sample ()
2. Surface Water Sample ( )
3. Air Monitoring Device ()
Reading:
- 4. Radiation Survey (X )
Reading: ONT
Deep Well Water Sample ()

Photograph Below: YES

-
Zec
7. DESCRIPTION HAYSOLCW COMMOMTTY RESTHTNCT S[IRtim s s

OF HAYSTACK BUTTZ.




NAVAJO SUPERFUND DEPARTMENT

PIT PHOTOGRAPH LOG SHEET

SITE NAMB _ BROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NOT ASSIGNED
DATE APRIL 11,1930 TIME ARTERNOCQNWEATHER _CLEAR mQ STIGHTIY QAYERCAST

PHOTOGRAPHER _ P. MOLLQOY

ANGLE/DIRECTION 50> »jci

FILM TYPE POLAROQOID FRAME NO. 11
DATA TAKEN WITH PHOTOGRAPH: *** NONE ***
Soil Sample ‘ ( )
Surface Water Sample ( )
Alr Monitoring Device ( )
Reading:
4. Radiation Survey (X )
Reading: __ youc
Deep Well Water Sample ( )

N anl
Lo

Photograph Below:

7. DESCRIPTION WELL 1€7-552 DUE W

CF HAYOTACK BUTTH

1.4 mi.; WELL NOT FUNCTIONAL




NAVAJO SUPERFUND DEPARTMENT

FLT PHOTOGRAPH LOG SHEET

) - ',
SITE NAMEB _ == y-vnrure coayro viys  USEBPA SITE NO. oo ;SSIGHZD
DATE daY 1909 TIME 12:30-m WEBATHER RROKEN CLOUDS, W/INDY
PHOTOGRAPHER _ 2. MOLIOY ANGLE/DIRECTION_.5C° “w
FILM TYPE POLAROID ~ FRAME NO. .
DATA TAKEN WITH PHOTOGRAPH: *kkh NQ *kk
Soil Sample (G
Surface Water Sample { )
Air Monitoring Device ( )
Reading:
4. Radiation Survey ( %)
Reading:
S. Deep Well water Sample ( )

Photograph Below: R:cAD CUE © OF 3. 7ANDEVER CUTFIT

TeH ke w

7. DESCRIPTION NOTE RESIDENCES ON HCORIZON, LOOWRING W




NAVAJO SUPERFUND DEPARTMENT

EIT PHOTOGRAPH LOG SHEER

SITE NAMER 3RCI7J YANDLYVER URANIU: HINE USEPA SITE MO, NOT ASSTGHED

DATE _ ..y .. 200 TIME o300 WEATHER __onkry - onipe. sorvny

PHOTOGRAPHER _ -, 0110y ANGLE/DIRECTION 45° /nr

FILM TYPE POLAROID FRAME NO. p)

DATA TAKEN WITH PHOTOGRAPH: VYES

1. Soil Sample ( )

2. Surface Water Sample ( )
Air Monitoring Device ( )
Reading:

4. Radiation Survey ( )

Reading: __{prrpi#19 - 2ANGE: 11 - 22uR.nr-L

8 Pe o Tm=Digi3C: L.y - 5{10% ) com
5. Deep Well ‘WAter -SampYd - --q —)2-32(i0%icom
6. Photograph Below: CRAINAGD 3ZW <F ¥. VANDEVER URANIUM LiIv:

g:ﬁif $F21)1“k23 kJ'E;

€3]
wn

7. DESCRIPTION MIGRATION OF RADIOACTIVE MATERIAL ACRC
R0AD UNCERTAIN DUL 70O RADIOACTIVE MATERIAL DLCPOSITED

ON ROAD DURING HAULII'G OPERATIONS. WOTE SHEEP GRAZIN
IN PPIELD, RIGHET CENTER MIDDLEGROQUND.




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHEEY

SITE NAME

SROUN UANDIUED OANTIIL MTHE

DATE _ Av . icap
PHOTOGRAPHER 2,

SGOLLOY

TIME 7.00nm WERATHER

TINT M T YTy
SOLARCID

FILM TYPE

FRAME NO.

ANGLE/DIRECTION :-9° 'a:-

ke

USEPA SITE NO. ;-

IROAWEN Cronng

LSS T

T TRITYY

3

DATA TAKEN WITH PHOTOGRAPH: YES, S5EE PREVIOUS FRAME

—

Soll Sample

Surface Water Sample
Air Monitoring Device
Reading:
4. Radiation Survey

w N

Reading:
Deep Well Water Sample
Photograph Below:

o U

( )
()
()
()
()

YANDE/ZR URANTUM

L F B K ST

7. DESCRIPTION ROAD IS QL

CONTINUATION OF

MIN

DRAINAGLD 3sW

E

oF

N

L »




REFERENCE = 4

NAVAJO SUPERFUND OFFICE

BROWN VANDEVER URAN-
IUM MINE REFERENCE
MATERIAL

LMAY ., a0
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Mine spoils calculations for the Brown Vandever uranium mine

From by
#14) o}
geomet?r

&
o
<

ame #15 of Ref
nsider that
1c shape; .

43 and field notes page #3 (Ref

the tailings pile has the

view, no scale

_qﬁ 10vd F?_

It follows that

Va=

B

=5(10@

The combined

Vgeo= °

Compensate
okbtain;

VTPt o 7

Assume Ehat
ey

1s

~

Vu3o8=1

rem general
was found to
to volume of

Mu3Qg=2

(570ft.){15¢f

this volume

{528ft. 1 {30£L. ;¢
7.09

(10 4% fe

v:"i4.5f¢c, 2fEt)

el

+

(2)
S¢c 3
‘geometric volume 1is;

.7(10 5t 3 or Vgep=1.62(1@ 1fkm 3

for void volume overestimate to

V(15201010 cn3=1. 13 (1010cm3.

the perceétage of U308 within this wvolume

whereby;

12(1083cm3.
the density of U308

assumptions,
cm~—3 Applying this guantity

be 23.26 gm.
U30g find
.63(104) kg

3@ tons

NAVAJO SUPERFUND OFFICE

BROWN VANDEVER URAN-
IuM MINE

MAY, ' 90




NAVAJO SUPERFUND DEPARTNMENT
FIT PHOTOGRAPH LOG SHEET
,_2_ .
SITE NAME HAYSTACK BACKGROUND USEPA SITE NO. NONE

DATE APRIL 11,1990 TIME _.0:15am WEATHER _CLFAR
PHOTOGRAPHER 2. MQOLLOY ANGLE/DIRECTION 90°/N
FILM TYPE 20LARQCID FRAME NO. 3

DATA TAKEN WITH PHOTOGRAPH: YES
1. Soil Sample ( )
Surface Water Sample ( )
Air Monitoring Device ( )

Reading:
4. Radiation Survey {(x )
Reading:_~pLuM#19-7uR hr-l :: ESP-II-7(103)cpm

Deep Well Water Sample ( )
Photograph Below: YES

i

7. DESCRIPTION __HAYSTACK AREA REFERENCE/BACKGROUND CHECK

LOCATICON, LOOKING N




g,‘{ BLOWUP OF AREA WITHIN DASHED SQUARE

;‘“~ SN f : - ({ ‘ > \\\
' . . . -

NAVAuO - BROWN VANDEVER
URANIUM MINE LCCATIONAL

A : AV UK e REFERENCE MAP FRAGMENT L N /
' - , A :"‘ .4.' ANy \
ﬁf""“ = | P. MOLLCY /
,'( 3 N - ‘
.k Q' -
S N / /4 -
’-d ' s
{/ A\ _‘/ r . Nee e I'
.‘ : N Y. A | ,



NAVAJU DuUuUroime wavir  wrae as~al Lo o

FIT PHOTOGRAPH LOG SHEET
-4~

SITE NAME _ 3ROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NOT ASSIGNED
DATE APRIL 11,1990 TIME 10:25am WEATHER CLEAR ‘

PHOTOGRAPHER _ P. MOLLOY | ANGLE/DIRECTION 20° =y
FILM TYPE _20LARQID FRAME NO. _ 7 '
DATA TAKEN WITH PHOTOGRAPH: *ES

Soil Sample « )

Surface Water Sample ( )

Air Monitoring Device ( )

Reading:

4. Radiation Survey ( x)
Reading: _UDri»#:10-24yR Ar—:t :: ESP-II - 2.2(10%)
Deep Well Water Sample () BACKGROUND { B VANDEVER

Photograph Below: +vES

7. DESCRIPTION _TRENCH CUT MNE OF 3. VANDFVFR RESTOFNCT
LOOKING NE., NOTE FRAMES 8, 9, 10 TAKEN AT SAME ~°-
CATICN




NAVAJUW SDurcumse Uavyas

s sl Al AN L

FIT PHOTOGRAPH LOG SHRET

-5 -

SITE NAME BROWN VANDEVER URANIUM MINE

USEPA SITE NO.NQT ASSIGNED

DATE _APRIL 11,1990 TIME 10:25am WEATHER CLEAR

PHOTOGRAPHER _ ?. MOLLOY

FILM TYPE _POLARQID FRAME NO.

ANGLE/DIRECTION 70° /NNE
8

DATA TAKEN WITH PHOTOGRAPH: VYES, SEE FRAME 7

1. Soil Sample
2. Surface Water Sample
3. Air Monitoring Device
Reading:
4. Radiation Survey
| Reading: |
5. Deep Well Water Sample
Photograph Below: ypg

S p

¢ )
()
()

INCLINED ADIT IN FRAME 12,

7. DESCRIPTION TAILINGS FROM
LOOKING NNE




NAVAJO SUPERFUND DEPART

FIT PHOTOGRAPH LOG SHEET

..Sl_.. |

SITE NAME _ BROWN VANDEVER URANIUM MINE _ USEPA SITE
DATE APRIL 11,1990 TIME 10:25am WEATHER _CLEAR
PHOTOGRAPHER P. MOLLOY ANGLE/DIRECf
FILM TYPE POLAROID FRAME NO. _ 3

DATA TAKEN WITH PHOTOGRAPH: YES, SEE FRAME 7
1. Soil Sample | ( )
2. Surface Water Sample ( )
3. Air Monitoring Device ( )

Reading: |

4. Radiation Survey ( X)
Reading: |

5. Deep Well Water Sample ( )

6,‘Photograph Below: vypg




A £ W o —— A h s A nd oA —— & n.L\J.L:V‘_“‘.‘J_

FIT PHOTOGRAPH LOG SHEET

-5 -

‘SITE NAME _ 3ROWN VANDEVER URANIUM MINE _ USEPA SITE NO.NOT ASSIGNED

DATE _APRIL 11,1990 TIME .0:25am WEATHER _CLEAR

PHOTOGRAPHER 2, MOLLCY ANGLE/DIRECTION _: ‘> N

FILM TYPE _S0LARO0ID FRAME NO. * 2

DATA TAKEN WITH PHOTOGRAPH: <“ZS

Soil Sample { )
Surface Water Sample ()
3. Air Monitoring Device )
Reading:
4. Radiation Survey ( X)

Reading:__UDiini2: 0 - 2iyx.ar~! : @ FACE oF ADIT
Deep Well Water Sample ( )
Photograph Below: vEz5§

7. DESCRIPTION INCLINED ADIT N QF B, YANDFYER 3ESTDENCE,
LOOKING NNW




ANSA V A it M A s vl e & ln et A A 4 AAN s L Ahlaav o4

FIT PHOTOGRAPH LOG SHEET

SITE NAME _ BROWN VANDEVER UR;NIUM MINE _ USEPA SITE NO.NOT ASSIGNED
DATE APRIL 11,1990 TIME 10:25am WEATHER _CLEAR

PHOTOGRAPHER _ P. MOLLOY 7 ANGLE/DIRECTION__ . 0°/N oF MNE
FILM TYPE _20LAROID FRAME NO. __ 15

DATA TAKEN WITH PHOTOGRAPH: ¥:=S

1. Soil Sample ( )

2. Surface Water Sample ( )
Alr Monitoring Device ( )
Reading:

4. Radiation Survey ( X)

Reading: 330UR . Ayr—- ! LUDLUMELY) 9 EDGE QF "_OADING 2AY"
5. Deep Well Water Sample ( )
6. Photograph Below: vEs

(S e,

7. DESCRIPTION TRENCH AT CENTER MIDDLEGROUND I3 QRE
"LOADING BAY", LCCKING N OF NNE -




NAVAJO SULFLLIKE UINLD DEEPARIY

FIT PHOTOGRAPH LOG SHEET
7. ' |
SITE NAME BROWN VANDEVER URANIUM MINE _ USEPA SITE
DATE APRIL 11,1990 TIME 10:25am WEATHER _CLEAR

PHOTOGRAPHER _ P. MOLLOY ANGLE/DIREC"
FILM TYPE POLAROID FRAME NO. 15
DATA TAKEN WITH PHOTOGRAPH: YES
1. Soil Sample )
2. Surféce Water Sample ( )
3. Air Monitoring Device ( )
Reading: ‘
4. Radiation Survey o ( X)
- Reading:_350uR.hr-1(LUDPLUM#19) : @ EDGE
Deep Well water Sample ( )

Photograph Below: YES
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6. From frames 25 through 32 (Ref#3) and page #5 of Ref
#14 field notes (sketch of area) the following
dimensions are cbtained;

L=26402f¢t.

and

w=1320ft. utilize the geometric mean of these two

values to compute the area:

r =((2.54(109)(1.32{10 3))% ft.

~1867ft. so that

A qrrS=1.1({107)ft 2

2251 acres

Assume that 5@% of this area is covered with tailings
with a mean height of 2.5 ft: The corresponding volume
computes to be

(.51(1.1(107))(2.5)€ft3.
-1.23(10 7)ft3

geo

volume for void volume overestimate to

Compensate this
find

. TVgec=?.63(106) e 3

Assume that the fractlon of U30g within the taxllngs is
the order of 127~ whereby, :

L 21 fr 3a 7\ e 3
Viiog2 9.36(102)ft 3=2.73(10 )cn 3.

Apply the density of 23.26 gm.cm to the above volume
to find

Mu}og

=6.35(1@3)kg.
:70@.1 tons

Combining guantities from 1@. above and the previously
obtained value of 2.63(1@4} kg. and utilizing the

empirical u:v ratio from reference # 2 find
Mizeg ~ .19
HVZOS - .30

solving for My2p5 find
HV26531.579 Hu 08

=1.579(6.613(1@5) kg

=1.04(106)kg

Comblnlng totals for My2cs and My3pgg find

My2es5 * Hu3 =1.7(106)kg
NAVAJO SUPERFUND OFFICE

880 3 tons
Resulting in hazmat QF of 7

BROWN VANDEVER URAN-
IUM MINE
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Periole of Production/

Mine Mame Tore Ore  Pounds UyOg Wiy Posds ViO3 W03 Type of Caposit Mot Pock hlpper
138.9%.280.32]1  rass Top Rine 1., 261 $12,968 024 144,818 —  sandetone Jopy 19341987 - Laa txplans
199740l ly Minecnis an
13 10 4. 244 Pzr. - s-e:i:,l 5,069 12,648 8.12 2,478  —  asndetore Jme, K8 1952-1959 Y Dakota Mind
Cakoea . Q0.1 1962-198)-Purcis
13.%.19.428  poison Camyen 17,066 1,084,574 .23 138, 854 sandetcre Pt
d , . 884, . . - Jup 1952-1999 - Haystack W
Developrent Corp.) 1%
~Farris Minen .
144, 1iW.28.11) Red Cap Group 198 497 8.1 951 .24 limestom e 1;:3195?1 ¥ava jo é:-
{T Group} ment Co.; 19%)-Hiths
’ Operrie
1IN.10W. 16,14 Red Foint Lode 481 1,22) 8.1 14 8.37 limestoe Jt 1952-1955 « A.M. Shane
148.11W. 2. 144 Rad Top Mines 16% I8 8.12 1,287 0.9 limestone Jt 1958 « Red Top Uranium
. Mining Co.
148,914,424 !Sandatons 1,834,288 1,549,829 . 9.17 - —  sandatom S lqss-rlqau ~ Prdllipe
Petrolewm o.; 1961-1%
.’ ) United Muclear Corp.
12.9.1.263  ‘Section | {1~} 148,066 1,699,137 8.57 - - sandstorm Jme 1967 - Rarr-aGes; 1969
mined through Cliffaide Kerr~#cGes and Mation
15H.16w.3.332  Section 1 (154-16W) 324 1,8% 2.1 @4 —  axdistone 7] 1957 ~ Owristensen amd
Santa Fe=Christensen {ccal] Uranium o,y 1957-19%8
Rata Neat Mirm Uranium Co.
12.10W.5.164  Section § (134-1dw) Ph! 4 8.12 - - sardstore x4 1958 - westvaco
12%.9.8,114 Section 8 {1 X~0M) 47,608 165,219 8.17 - - sandetors Jup 19581968 = United Mree.
Spencer 5haft 1961 -Hyds and Camper)
- 1966~4.D, Tripp L966=
Jamme J. Goods
LAN.12W. 19,244 ‘Saction 18 (1417MW) 138,767 514,935 8.2 - - sandatone 1957-1961 - Kerwme Nucls
1964 -Harestake-5apin
144,10, 12,411 lSection 12 (14%-1DW) 74,975 211,873 .14 - - gandetone Jue 1961 ~ Anderecn Develop
) Corp.t 1962-196)-Stall.
| . Dywart.
148.18W.15. 441 ‘Section 19 1,21),814 1,625,924 a.1% - —  sandetons Jme 1958-1961 « Homestake=&
{ 144~ Lol } 1981-1963-Rio and R~
stake~8apin; 1366~196%-
Acrome take-Saping 19691
Undtad Nuclear-tooastak
190.9.17.32)  lsection 17 (149w} 544,164 2,18,142 .2 - =  sandetone Jne 1968-1964 - Karmc xcle
N xp.t 1965 1970-Kaex -4
1. 180, 18,341~ Bect ion 18 (1-10w) w25, 796 ——— 98,178 —— 0,19 —— 75, M2 4.2 linsstces b3 1937 - ueton,
{Imdian Allotment) willlamer 1953411 Lame
195%-3anta Me Urunium
' 1956-%ama Fe Uranium 2
Podarat Urardums 19571
Faderel Uraniuwm 1963-1
Maea Mining Co.; 1964~C
: nining o
14N, 9%.18.488 lsection 18 {1aN-) 331,546 1,586, 447 4.18 - —  sandwtone Jma 1962-1964 - Karmmc Wucle
mined through Sec. 17 1 968-19 70-Rarr-+cCos
LA, 0. 114 lSection 28 {1eN.9W) 486,175 2,123,377 o“n - - pandetone Jme 1962 = Karr-mcGes
winad Sac. 17
140, 10w.22.22] lsection 12 1,169,851 11,605,671 .18 - sandetone Jus 1956-1964 - Karvec Mrle
(140-10d) heap leach — 30,18 - -— - 1965-19 78-Karr-Hcliee
14, 169,23, 134 'Saction 23 1,528,797 9,67, .19 - sandstone ¥ 1999-1968 - Howatake-Sa
{1 @i LBW) 1985= 1 9 M-Hormetake-Uni
Nuclear
1IN, 10,23, 444 Secticn 23 {1-164) 21,826 138,541 0.2 19,2% 0.58  lirescone I 19$7-1963 - Haystack Mou
. Developrent Corp.t 196%
1966-5anta Fe Pacific
120,924,120  Sectlon 24 {13} 13,959 37,693 817 - - sandatone Jmp 19621941 - Febmo Mines,
’ M1l Willa, Risleo
{Section 1)
1IN.11W.24.227 ~Geceion 24 (1M=LIW)~ 24,638 —— 115,875~ 8.22 — 085,543 #.19 llmetona e 1952-19%4 - Glan Willlam
Irdlan Allotssme to : 195%-1956-5anta fe Uran
Hana-A-Bah VYardever 1955-Fedaral Uranium (o
Santa Pe Uranium 19%-
. Federal Uranium Corp.
lad. 18w, 24.132 'seczian 26 1,584,582  7.071.54  8.19 - -~  sandetarm T 1933-1964 - Karr4ates
() Ao LW Nuclear; 196%-197-Xerr
Heap lesch - - - - Ndee
1M 189.25 411 lSection 25 (134-10W) 235,156 958,058  8.28 153,657 042 llzesure n 1982 - A T and F R 1Y
) 196] -Hayetack Mountain !
veloment Corp-; 1963-1
Banta Pe Peciflcr 1963-
Farris Minse, irc.; 196
1965-Banta Fa Pacllles
1966~Farria Mines, Ine.
1968 oroataker 196319’
United Nuclear Corp.
L1AN.10W.25. 144 ‘Sectlon 15 1,791,848 6,444,889  9.18 - —~  sandstore Jma 1993-1969 - formeeaxo—Sa
{ 1481~ LOw) 19691978~ oree taka-Uny
Nucisar
L3N 10w, 26.221-}Sect (on 26 (1 M-1PW}— 11,118 ——— 83,752 — §.38 —— 17,518 = 4.88 — |irewtone Jo ———— 1952-1357 - Hanosh Hirae
Omaldmro G - Gaa
14M.15W.26. 229 lsaction 2 mw> 182,110 1,199,898 6.17 - - sandstons S 196%-199 - Xarr
mined through : ’
Secetion 24
L P 3
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NAVAJO SUPERFUND DEPARTMENT

EIT PHOTOGRAPH [OG SHEET
_.9_.
SITE M BROWN VANDEVER URANIUM MINE  USEPA SITE NO. NSZLA&S_&H__Q_
DATE APRIL 11,1990 TIMB ArTERNCCNNRATHER _CLFAR
PHOTOGRAPHER __P. MOLLOY ANGCLE/DIRRCTION 3 5° /===
FILM TYPE _POLAROID FRAME NO. __ 25 |
DATA TAKEN WITH PHOTOGRAPH: *** NONE ***
1. Soil sample )
2. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey (X)
Reading:
S. Deep Well Water Sample ( )

6. Photograph Below:

i1

s

7. DESCRIPTION WESTERN FYToN=™ ~F S[IRTACT WOARKS WSW T

B Y RESINOENCE  “AOWING ESE




NAVAJO SUPERFUND DEPARTIIENT

EIY PHOTOGRAPH LOG SHEEYT -

SITE NAME

-10-

BROWN VANDEVER URANIUM MINE  USEPA SITE MO.NQT ASSIGNED
DATE _APRIL 11,1990 TIME :r—cnyo \WEATHER _CLEAR

PHOTOGRAPHER _ P. MOLLOY ANGLR/DIRECTION_ 350°,c oF =
FILM TYPE POLARQID FRAME NO. 26
DATA TAKEN WITH PHOTOGRAPH: ~** NONE #*%*+
1. Soil Sample ()
2. Surface Water Sample ( )
3. Alr Monitoring Device ()
Reading:
4. Radiation Survey ( <)
Reading:
S. Deep Well Water Sample ( )
6. Photograph Below: «vrcg
i
|
TS+
&
7. DESCRIPTION __ SURFACE WORKS WSW QF B, YV, RES.. TOOKING

E OF ESE; NOTE MT, TAYLOR IN FAR LEFT BACKGROUND

x5 REFERENT

= C



EIT PHOTOGRAPH LOG SHEET

101

9 - .
20°/2 QF ENE

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE NO.NQQ_Aﬁg;gggQ_
'DATE _APRIL 11,1990 TIMB ar7ooyocWEATHER _CLEAR —uicy uazy CronDe
PHOTOGRAPHER P. MOLLOY ANGLE/DIRECTION
FILM TYPE _POLAROID FRAME NO. 27
DATA TAKEN WITH PHOTOGRAPH: YES, NOT WRITTEN DOWN
1. Soil sample ( )
2. Surface wWater Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey ( )
Reading:_ :soup we-i:oiprom219),10%pmiesp-11;

i
*

. Deep Well Water Sample ** AFPROXIMATE **
6. Photograph Below: yrg

7. DESCRIPTION SURFACE WORKS WOW QF B, V, RES,

ING SKETCH, “OOKING E OF ENE




iQI
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FIT PHOTOGRAPH LOG SHEET
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SITE NAME 3ROWN VANDEVER URANTIM MINFE USEPA SITE NO. yrm ASSTANDEA
DATE _APRIL 11,1990 TIME _1:;:3am WEATHER (C-rFap mn <rtcumry OUEDC Aam
PHOTOGRAPHER 2. MOLLCY ANGLE/DIRECTION -
R e e ———]
FILM TYPE POLAROID FRAME NO. NGO TRAME
DATA TAKEN WITH PHCTOGRAPH: 3KETCH
1. Soil Sample ()
2. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading: ‘
4. Radiation Survey ( &)
Reading: " SE 3TLCW
Deep Well Water Sample ( )
6. Fhotograph Below: * kA NOND ok
, FRAME 20
l //“ - /
) M%\N\\\<<r~w% FRAME 31
FRAME 32 // ;
— [ . |
- | 25 nmi . &=~ FRAME 29
P |
; s N
f 5 mi. . '\Qg\\ TRANT 28
: P ; 'y
: B «x / ESP-II 2.5(104{
a | ~——" L#19: 12 L
] 2 OuR Bz
‘\\ [ "/
. ; 3
W \ FRAME 27
AN/
\\*7t FRAME 26
FRAME 25 * RADIOMETRIC READINGS ASSOCIATED

FRAME 27

WITH

SXETCH OoF AREPA WHERE RADICMEPTRIC RPADTNGS

7. DESCRIPTION

WERE TAKEN, NC SCALE
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FIT PHOTOGRAPH LOG SHEEY

SITE NAMB _ BROWN VANDEVER QR:ALgB;—m MINE _ USEPA SITE NO. Nm_agm
DATR APRIL 11,1990 TIME WEATHER _CLEAR
PHOTOGRAPHER _ P. MOLLOY ANRGLR/DIRECTION
FILM TYPE PCLAROID FRAME NO. 28
DATA TAKEN WITH PHOTOGRAPH: KX * MNONE *mx
Soil Sample « )
Surface Water Sample ( )
Alr Honitoring'Device ( )
Reading:
4. Radiation Survey (X))
Reading: AES AN T
Déep Well wWater Sample ( ) | (/§%;tg

2= e

A

77 DESCRIPTION SEE SKETCH




NAVAJO SUPERFUND DEPARTMENT

FIT PHOTOGRAPH LOG SHERT
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SITE NAME BROWN VANDEVER URANIIM MINFE USEPA SITE NO. yom sccrrurn
DATE _APRIL :l,1990TIME _1:;.!3am WEATHER _(Crrap mn crrrapmr v OUERCAST

PHOTOGRAPHER 2. MOLLCY ANGLE/DIRECTION :Zi ZEfTCH
FILM TYPE PCLAROID FRAME NO. 29 :
DATA TAKEN WITH PHOTOGRAPH:  <ux yonz «xx
Soil Sample ( )
2. Surface Water Sample ( )
Air Monitoring Device ( )
Reading:
4. Radiation Survey { )
Reading: ’ '
Deep Well Water Sample ( )

6. Photograph Below: vrs

7. DESCRIPTION




FIT PHOTOGRAPH LOG SHEET
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- SITE NAME _ SBRCOWN VANDEVER URANIUM MINE USEPA SITE NO. yoT zccrrouen

DATE _APRIL _!,1990 TIME _i;15am WEATHER _CTPAR 7n arrcopmry QUERCAST
PHOTOGRAPHER _?. MCLLOY i ANGLE/DIRECTION o= zuimcw
FILM TYPE ~CLARCID FRAME NO. 10

DATA TAKEN WITH PHOTOGRAPH: *XE ONONE vrx
| 1. Soil Sample ()
2. Surface Water Sample ( )
3. Air Monitoring Device ()

Reading:

4. Radiation Survey (X )
Reading: |

5. Deep Well Water Sample ( )

(Vg el

6. Photograph Below: YIS

7. DESCRIPTION




NAVAJO SUPERFUND DEFARTMENT
FIT PHOTOGRAPH LOG SHEET

SITE NAME B3ROWN VANDEVER URA&?UZ*LMINF USEPA SITE NO. NQT ASSIGNED
DATE _APRIL 11,1990 TIME _1l;15am WEBATHER _Crrap 7n SricHTrv AUERCAST
PHOTOGRAPHER 2. MOLLOY ANGLE/DIRECTION_SEE SKETCH

FILM TYPE “OLARCID FRAME NO. 31 o

DATA TAKEN WITH PHOTOGRAPH:
1. Soil sample ( )

Surface Water Sample ( )
Air Monitoring Device ( )
Reading:

4. Radiation Survey (x)
Reading:

5. Deep Well water Sample ( )

6. Photograph Below: vrg

7. DESCRIPTICN
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SITE NAME _ 3ROWN VANDEVER URANIUM MINE  USEPA SITE NO.NQT ASSIGNED

DATE APRIL 11,1990 TIME . 10om  WEATHER _CLEAR —n QriaHT vV Ayoneacs

PHOTOGRAPHER P. MOLLQY ANGLE/DIRECTION :=:-r cyomey
FILM TYPE _POLARQID FRAME NO. 32
DATA TAKEN WITH PHOTOGRAPH: ¥EEONCUE **x
Soil Sample - « )
Surface Water Sample ( )
Air Monitoring Device ( )
Reading:
4. Radiation Survey ( x)
Reading:
Deep Well Water Sample ( )

6. Photograph Below: r-¢

7. DESCRIPTION
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ILOMm page #6 (ReL #14) OL Lieid notes, direct guote O
Mr. B. Vandever, "Timbered shaft is approximately 300
feet deep” and the personal observation that the shaft
ls approximately 5 feet square. The following
surface area computation obtains;
S =4 ((5ft.)(30aftr. )
=6,000ft<,

It 1s assumed that the timbered shaft was not the
primary shaft, but was a shaft driven for both mining
and ventilation purposes to connect with the Nana-a-bah
Vandever mine which is approximately 242@ ft. Scu=-hest
of the timbered shaft.

From page #6 of field notes (Ref #14), direct gquote of
Mr. B. Vandever and page #2 of field notes, direct
guote of Mr. B. Vandever, "stopes are approximately
429 yds ESE and N", the observational fact that there
are two inclined adits and the assumption that the
inclines are 30@ ft. deep the fellowing surface area
computation obtains;
S1a=Sa1*2Ss5*SaA2
=2(SA1*55)
or

S=2{(4}(5ft.)(5ft.)(3®0ft.)+(4)(Sft.)(Sft.}(lZ@@ft.}

=3.09(105)ft 2, '

Combining the results of calculations 13. and 14. find;

ST=Srg+S1a
=3.06(105)ft3:8.665(103)m2

=7.82 acres

From frame #22 (Ref #3) and field notes (Ref #14) pages
#4 and #5, gamma ratemeter/ESP-II reading on the
"hot road"” was

¢?=1®5 cpm.

Assume that this quantity is attributable to BiZ2lé
activity exclusively and that the following
relationship is true

@ =Cv, jﬁ (K(.51 Mev){.61 +K(1.75Hev>kVi.7e)dt.

0

NAVAJO SUPERFUND OFFICE

BROWN VANDEVER URAN-
IUM MINE
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FIT PHOTOGRAPH LOG SHEEY
SITE NAME _BROWN VANDEVER gl&sg NIUM MINE _ USEPA S8ITE NO. mm
DATE APRIL 11,1990 TIHB;}T“ERMQQN“EATHBR CLEAR
PHOTOGRAPHER P. MOLLOY ARGLE/DIRECTION_ 0°/E
FILM TYPE POLAROID FRAME NO. 22
DATA TAKEN WITH PHOTOGRAPH: *ES
1. Soil Sample ( )
2. Surface Water Sample ( )
3. Air Monitoring Device ( )
Reading:
4. Radiation Survey (x)
Reading:_ 105¢com(FESP-T7) @ EDGE OF ROAD
%. Deep Well water Sample ()

Photogqraph Below: =5

7. DESCRIPTION "HOT ROAD" wgST COF B. V. RESIDENCES, SUR2-

FACE WORKS WASTZ DILES 4 RIGHT MIDDLEGROUND, MT, T2Y-
LOR_ 4 UPPER TEFT BACKGRQUND AS REFERENT




GEOCHEMISTRY OF URANIUM

I. Atomic Chemistry of Uranium

A. Atomic Number: 92, heaviest naturally occurring
element. :

B. Atomic Weight: 238.03

C. Naturally Qccurring Isotopes Activity %
(radicactive
Abundance decay events
Mass No. Wt, § . per unit of time)
238 : 9g9.28 48.9
235 0.71 2.2
234 0.0054 ' 48.9

D. ©Nuclear Properties
1. All isotopes of uranium are radioactive.
2. U-23% is readily fissionable.

2. 211 iscotopes of all elements above Bismuth (83)
are radioactive.

Isotope Half Life

U238 4.21 x 109 vears
0235 7.1 x 133 V2Ars
g3 ‘ 2.48 x 10° years
E Tlectronic Structure a2nd Yalsnce States
Oroltal

K shell

L shell

M shell

N shell

0 shell

P shell

Q

shell

MR
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2. Energy of decay process often results in oxidation,

therefore U g be Ut6 from U238 inp U0, (uraninite)
Note: and U435 always in fixed ratid in
nature.

VI. Measurement of Nuclear Radiation

a,

SNy S T o B ER B O BE B N SR AR e =R a2
w

. ‘,‘.._.

H n = =)
W

Alpha (o¢) radiation measured by
1. proportional counters (gross << radiocactivity)
2. semiconductor detectors, for e< energy spectrometry

3. photographic techniques (track etch)
radon e< particularly

QPT - Y Y N WIVENPURT =V APT e e

TS

4. helium analysis with mass spectrometer

Beta (pP) radiation

1. measured with proportional counter

2. not very useful, except for ore grade control
Gamma () radiation

1. Because of high range and discrete energy levels,
most frequently measured radiation

2. Geiger counter

vt ansy Wi a0t M- A e e R

a. inexpensive, measures total {s from all :
' sources, non energy selective

b. U¥s enter gas-filled tube, ionize gas, giving
electrical impulse

3. Scintillation counter
a. medium resolution ¥energy spectra , 3
b. medium cost $2000 - 20,000
c. ¥ strikes Nal crystal, converts energy to

light. Sorts light intensity for different
energies -
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4. Semiconductor detector (germanium)
a. high resolution Y spectra

b. high cost

D. Uranium Ahalysis by Gamma Spectrometry
1. 0238 series
a. 238, 0235, y234 J energies are too low
for practical measurement
214 238

b. Bi , daughter in U series, has Y energies
of 0.61 MeV and 1.76 MeV which are readily
measured. Figure 28.

c. 13i214 is good measure of anzz

d. 81214 activity is reliable measure of U238—U235
activity only if sample has not weathered for
1 million years, and radon has not escaped for

3 weeks

e. 81214 is the mechanism of "radiometric
assaying" for uranium,

2. Th232 series

a. T1208 daughter has high energy 2.615 MeV ¥
(Figure 29)

b. Th232 analysis by measuring T1208 activity
because short-lived daughters

c. Some Th232 series ¥ s interfere with 1.76

MeV ¥ from 51214, so need to know Th content
when measure Bi?l4 activity

3. K40 gamma spectrum

a. high energy 1.46 MeV ¥ (Figure 30)

4, Superlmpose U238 h232, and K4O J spectra
a. 2.615 Mev, T1208 from Th232
b. 1.76 Mev, Bi’* from y?38




CoSMIC
RADIATION

T

ACTIVITY —
(ARBITRARY UNIT

Fig. 28.

"l< By

008 Me Vir-roy)

-

(8i-214)
OFI tAa'd
\ 1.21 1
i =
=
\ -214) ]
% 6 MaV -
J /\/\ /
[
!
l
Gamma spectrum of equilibrlium Fig.

U-238 , -

215 series.

533 MaV
908 MeV
)
§
z COMPTON
3 EFFECT
-
Q
P4
2612 MeV
(11-208) ‘
1)
ENERGY — ,
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I
29. Gamma spectrum of equlllbrlum Flg. 30. K-40 gamma spectrum

Th-232 series.

1,46 MaV
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R SRR : P : s o
Where the integral is taken over the convolution
"capture window" interval of the NaI(Tl) detector.
Assume that the kernels of the convolution K(.61 MHev)
and K(1.76 Mev) are equal and of unit amplitude.
Further assume that the instrument response factor C 1is
unity.

From page #4@ of reference ¢ 19 ,figure #28, the
ratio of the amplitudes of production is;

T .61 ~ 3.2 (Arbitrary units)
¥1.76 1.21

It then follows that
V.61 = 2.645Y¥1.76

and inversely. Recognize that the w{are proportional
to the number of BZ2ldatonms present at the grab site.
Calculate the volume cf the Nal detector as follows:

{(5.1lcm)

= 124.183 cmS.

Compute the integral as follows;

e ,
since 103=192 S 1.3784 ¢'69:.

(o]

Consider that Yislis constant during the interval and
that the instrument capture window time constant 1is
199 msec., then

103=1.378 V.61a¢
=1.278(18-1 o
Solve for Y ¢ to obtainy151=7.26(1®3}.

Set the above quantity equal to the number of Rn<222
atoms {per cubic centiqeter) present at the grab site,
egqg.,

N(Rn222)~104

Given that the gamma ratemeter reads 193 cpm.

BROWN VANDEVER URAN-
IUM MINE




OTHER SPECIFICATIONS

Dimensions: 5.0 inches nigh x 3.0 inches wide
x 10.25 inches iong (12.7¢m x 12.7¢m x

26.0cm)

Temperature Range: -4°F 0 +122°F (-20°C to +50°C)

Weight: 4.1 pounds (1.86 kg)
Connectors: MHV for detector input, 9-pin "D"
shell female connector for AS-232C

communication

Model No.
HP-270

HP-290
HP-210L
HP-260
AC-3

NRD

LEG-1
SPA-3'

SPA-§

DETECTOR PROBES RECOMMENDED FOR USE WITH ESP-2

Type Measurement
Exposure or
Exposure Rate
Exposure or
Exposure Rate
Beta-Gamma
Contamination
Alpha
Contamination
Neutron Dose
Equivaient or Dose
Equivaient Rate
Low Energy
Gamma or x-ray
High Sensitivity
Gamma

Medium Sensitivity
Gamma

Useful Range with ESP-2

Bkg to 3000 mA/h
0.0005 to 80 R/h

Bkg to 100.000 counts/s
Bkg to 50.000 counts/s

0.001 to 60 rem/h

Bkag to0 50.000 counts/s
Bkg to 50,000 counts/s

Bkg to 50,000 counts/s

5 Percent*
1 t0 3000 mR/h

00110 80R/h

14 to 100.000 counts/s

14 10 50.000 counts/s

0.02to60rem/h

14 10 50,000 counts/s

14 to 50,000 counts/s

14 10 50.000 counts/s

‘Ratemeter mode provides 5 percent. or better, standard deviation readout capability over the indicated range.

ACCESSORIES

Audio Headset: Part No. ADHS4

Any of the following Eberiine aetectors can be used with the ESP-2:

Detectar
Probe

AC-3
HP-130A
HP-210AL
HP.210L
HP-210T
HP-220A
-HP-260
HP-270
HP.280
HP-290
LEG-1
NRD
PG-2
SPA-3
SPA-§
SPAS8
SPA.9

-89

Cable

CA-12-60
CA-16-60
CA-16-60
CA-16-60
CA-16-60
CA-16-60
CA-16-80
CA-16-60
CA-15-36
CA-16-60
CA-12-80
CA-15-60
CA-12-80
CA-12-60
CA-15.36
CA-15-36
CA-15-36

Check Sources

CS-1.CS8-10,CS-12.CS-15
CS-7A
CS-13
CS-13
CS-13

Cs-13
CS-7A

Cs-78
CSs-78
Cs-78
Cs78

Probe Holder/Bracket

Z2P10434029

ZP10434029
Z2P10434029

Z2P10434029

2P11292020

ZP10485017
ZP10485017

ZP10485017

EE EEEEEEFENENENEENENNEERENRER




Model SPA-3, Scintlilatlon Probe

GENERAL DESCRIPTION

The Model SPA.3 scintillation probe is a

rugged, waterproof gamma detector designed

tor high sensitivity of pulse-height applica-
tions.

SPECIFICATIONS

Crystal: Nai(Tl), 2-inch-diameter x 2 inches
long (6.1 cm x 5.1 cm)

Photomultipller Tube: =2-inch-diameter,
10-dynode, end-window with S-11
photocathode.

Operating Voltage: Variahle dependent upon
application.

Maximum Voltage: + 1600 V
Sensitlvity: =1200k cpm per mA/h with *'Cs

Current Draln: =120 MQ resistance string
yialds 10 uA at 1200 V. o

Wall Material: Aluminum

Wall Thickness: Ys-inch {0.32 cm), Ya-inch
(0.16 cm) at cry~tal

Connector: Mates with Eberline CP-1

Finlsh: Enameled body with chrome-ptated
connector

Size: 2%s-inch-diameter x 11" inches long
(6.7 cm x 28.3 cm)

Welight: 3.25 pounds (1.5 kq)

4.89

The SPA-3 contains a 2-inch-diameter, 2-inch-
long Nai(T}) crystal, a 2-inch, 10-stage
photomultipfier tube. tube socket with a
dynode resistor string, and a magnutic shield.

AVAILABLE ACCESSORIES
instruments Cables

- ASP-1 CA-12-80
ESP-1 CA-12-60
ESP-2 CA-12-60
ESP-2/PHA CA-12-60
MS-2 CA-12-60
RM-20 - CA-12-60
RM-21 CA-12-60
RM-23 CA-12-60
SAM-2 - CA-12-60
SRM-100 ‘CA-12-60

. 8RM-200 CA-12-60
SRM-200PHA CA-12-60

Eberline

A subasidiary of Thermo Instrument Systems Inc.

PO Bax 2108

Santag Fe, New Mexico 87504-2108

(505) 471-3232

TLX: 66-0438 EIC SFE

Telecopy: (505) 473-9221

a—————



GENERAL ASSUMPTIONS

Take pss ~ 1.7 gm.cm'3

Consider the U235 and U3 abundances (Un‘ negligible) whereby,
"Fraction U = 7.2 (10
"Fraction UM = 9927

Then derive the molecular weight of U30a as;

MWujo, = [7.2 (107)) [(3) (235))
(.9927) (3) (238)]

H + +
[0 o]
~—~
—
(o))
~—

Likewise, derive the molecular weight of SiOz (sandstone).

MWS10, = 28.09 + 2 (16)

= 60.89
Hw.gi.cg - 821.86_ 13.68
10, 60.09
.Then,
,)1;‘:350‘ = Puio.%= 13.68
So that,
Pu,0, 23,26 c;m.cm'3

(From reference $22)

Mwul® = 235 gm. .mole’!

Mwudt = 2138 gm. .mole’l

Yet, the atomic volume associated with 92Um; periodic

properties of elements

A, = 12 em’ .mole’!
whereby,

Pw'l Mwul?® = 19.58 >gm.cm'3
and.

A" Mw‘zis = pul’t

= 19.83 gm.cm’
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Upgradient drainage area calculation

Ap=Aj¢ Am1.59 in?,

However map fragment is a 141% blowup of part of
bluewater gquad, then

2.64"=1 mi. Lo
or,
1”7 =,379 mi.
=2000ft.

It then follows that for a 141% boost

1"=1418 ft.= 20009
1.41
and
Ar—l.59(1.4168(1®3)ft.)2
=3.197(10 %) £
=73.39 acres

NAVAJO SUPERFUND OFFICE

BROWN VANDEVER URAN-
IUM MINE-

WORKSHEET#1
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Vbrksrleet for population total, population distribution and population
at risk fram noncertified water source.

Bracket Res. Fop. *Reé . #Pop.
0-% 7 36 0 0
i~k 0 0 0 0
4-1 12 62 3 15
1-2 29 - 149 6 31
2-3 24 123 2 10
3-4 6 31 3 15
78 401 15 71 TOTALS
Potential

*Non-Certified water consuners

g‘;{‘
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HYDROLOGY OF AREA 62, |
NORTHERN GREAT PLAINS AND
ROCKY MOUNTAIN COAL PROVINCES,
NEW MEXICO AND ARIZONA

e PUERCO RIVER
o ZUNI RIVER

¢ LARGO CREEK
o CARRIZO WASH
e RIO SAN JOSE
o BLACK CREEK

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER-RESOURCES INVESTIGATIONS
OPEN-FILE REPORT 83-698
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F.E. ROYBAL.J.G. WELLS,R. L. GOLD, AND . V. FLAGER
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2.0 GENERAL FEATURES
2.1 Land Ownership

Land-Ownership Pattern is Complicated

Indian, Federal, and private ownership is represented.

As shown in figure 2.1-1. the land-ownership
pattern in Area 62 is complicated. The checkerboard
pattern created by several types of ownership makes
it difficult 1o effectivelv manage these lands and
consequently complicates the water rights. indian
ownership inciudes trust and deeded lands. but these
categories are not identified on the map. Three
Indian reservations are located entirely or partly
within Area 62: the Navajo Reservation in New
Mexico and Arizona. the Zuni and Acoma Reserva-
tions in New Mexico.

Federal land in Area 62 ts administered by the
U.S. Forest Service, the U.S. Bureau of Land Man-
agement, the National Park Service and the U.S.
Department of Defense. Parts of Cibola and Apache

National Forests are included in the New Mexico part

of Area 62. E! Morro National Monument is admin-
istered by the National Park Service, Fort Wingate

* Military Reservation. east of Galiup, New Mexico, is

administered by the Department of Defense.

State and private lands are generally scattered in
a checkerboard pattern. In the earlv 1850’s, the

* Santa Fe Railroad received government grants for

alternate sections of fand in strips to build railroads
in vacant and sparsely settled sections of the area.
These grants created a checkerboard pattern of fand
ownership (Lower Colorado Region State-Federal
Interagency Group tor the Pacific Seuthwest Intera-
gency Committee, Appendix VI, 1971, p. 56). Most
ot the privately owned lands are within Cibola Coun-
tv, New Mexico. In New Mexico, State lands are
administered bv the Commissioner of Public Lands
with assistance from other agencies such as the State
Park Commission, the State Forestry Commission,
the State Department of Game and Fish, the State
Engineer Office, and the State Department of Tran-
sportation.
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EXPLANATION

INDIAN LANDS
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U.S. DEPARTMENT OF DEFENSE
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“-mation 119%68) and U.S. Department of Agnculture (198la).
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2.0 GENERAL FEATURES--Continued
2.2 Climare

Average Annual Pre'cipitation is 10 to 12 Inches in the
Vallevs and Plateaus and 16 to 20 Inches in the Mountains

Temperatures generally are warmest in Jufy and coolest in January.

The climate is sermntarid {about {0 to 20 inches ot

annuai rainrail). except tor a tew isolated areas that
receive more than 20 inches of precipitation per vear.
The variation in precipitation and temperature is
controfled by altitude. Areas ar high altitude nave
greater precipitarion and lower temperatures inan
areas at tower aititudes. The approximate areai distri-
bution or average annual precipitation is shown in
tigure 2.2-1. Average annual precipitation irom
iong-term records are available for three stations:
12.34 inches at El Morro. 11.23 inches at Zuni. and
9:24 inches at Quemado. The distribution of average
monthly precipitation for these three stations is
shown in figure 2.2-2. The wettest months generaliv
are July and August and the drvest months are
generallv May and June. During the winter, snowtall
is common: a total of about 30 inches was recorded
at McGaffey, New Mexico. in December [967.

In Area 62, winters are rather ¢old. summers are
warm, and davs are sunny. Dailv temperatures vary
nyv 30 1o 40 degrees. Temperatures greater than 90
Jegrees are no{ common in most of the area. but at
Gailup, the maximum recorded was %9 degrees: the
mimmum was 11 deerees beiow zero (Tuan and
others, 1973, p. i93). The distribution ot average
monthly temperatures at selected stations is shown in
“igure 2.2-2. The average temperature {or the warm-

2st month (Julvy s about 70° Fahrennezit, and for the

coolest month ¢Januarvyis about 327 Fahrenneit.

Dailv precipitation and temperature data are
avaiiable in monthly issues of "Climatoiogical Data
for ~New Mexico” and “Climatological Data for
Arnizona.” The data are published by the U.S.
Department of Commerce. Nationai Oceanic and
Atmospneric Administration.
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2.0 GENERAL FE ATLT{ES--Conunueu

Z.5 Tecronic Historv

The Major Structurai Features of the Coal Area
were Largely Deveioped by Middle Tertiarv Time

The major structural features in Area 62 are the southern San Juan Basin
its bounding structures, and the Mogolion siope.

Area 62 lies in the southeastern quarter of the

Colorado Plateau. one of the major structural pro-

vinces of the United States. The Plateau is
characterized by a thick sequence of sedimentary
rocks that indicate a long tectonic history (Foster.
1971. p. 363 and Kellev, 1951. p. 124.129). The
southern part of the San Juan Basin. its major
Sounaing structures :Kellev. 1951). and the
Mogoilon siope are the major structurat feature\
in Area 62 (fig. 2.5-11.

During the nineteenth century the study of
sedimentary rocks and the plant and animal fossils
they contained led to the development of the
geological time scale ifig. 2.5-2). The scale shows
the immensity of time involved for formation of the
structural features in Area 62.

The San Juan Basin. a structural embavment
of the Colorado Plateau, began to form during a
neriod of uplift as eariv as Late Paleozoic time
:Kellev. 1931. p. 1201 The Defiance and Zuni
apiifts the major highland elements in the
zoutnern 3an .Juan Basin were forming in
Paleozoic and Mesozoic Time. Kelley states that
the present structural elements of the San Juan
Basin were probabiy developed by Middle Tertiary
time.

The Mogollon highland dominated the south
side of the Colorado Plateau during Late Jurassic
time. The south half of the highland tshown in fig.
2.5-1 as the Mognllon sloper was broken and tilted
zo the northes: s Zuring volcanic episodes at the ena
oi the Jurassic Perioa ‘Saucier, 1976. p. 152). The
Mogollon slope is the structural feature which
represent the tectonic remnants of the Mogoilon
highland.

6

The Zuni and Defilance uplifts are located on
the southern and western edges of the San Juan
basin. The Zuni uplift trends northwestward. is 30
miles long by 35 miles wide. and has a structural
relief of 5.500 feet tKellev. 1951. p. 126). The steep
iimb of the upiift dips southwestward away from
:he basin. The Defiance upiift trends northward
sast the study area. 15 100 miles long by 30 miies
wide. and has a maximum structurai relief of 7.300
feet tKelley, 1967, p. 28). The steep iimb dips east
toward the San Juan pasin (Kellev, 19511

Two structural platforms (Kelley. 1951, p. 126
are located in the study area: The Acoma sag and
the Gallup sag. The Acoma sag is a flat wide area
bordering the Zuni uplift on the east. The Gallup
sag extends from the San Juan basin southward
between the Defiance and Zuni upiifts iKelley.
1967. p. 29).

Two monociines border the Gallup sag. The
Nutria Monociine bounds the north two-thirds of
the Zuni upiift on its west side tKellev, 1967) and
the Deflance monaciine borders the Defiance uplift
on 1ts east side.

Kellev 1951, p. 1261 describes the Chaco slope
as the southern part of the San Juan Basin that
lies between the Central Basin tfig. 2.5-1} and the
Zuni uplift and Acoma sag. The Chaco slope
resembles the platforms but differs from them
because of “its more pronounced and continuous
regional inclination toward the center of the basin
and by the absence of a ‘monocline’ separating it
from the Central Basin™ iKelley, 1951. p. 126).
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2.0 GENERAL FEATURES--Continued
2.6 Geoiogy

Exposed Rocks Range in Age from Precambrian to Quaternary

Cretaceous rocks in the New Mexico part.of the study area make up the most
extensive outcrops of any of the rock units.

Exposed rocks in the area range in age from Precam-
brian (older than 370 million vears agoj} to Quaternary
tabout 10.000 vears age to the present). The geoiogic map
(fig. 2.6-1) shows the rocks exposed at the surface. Cross
sections in section 4.5 provide information on stratigraphic
relationships. Exposures of Precambrian gneissic granite
are found southeast of Gallup in the Zuni Mountains
{Hackman and QOlson. 1977). Rocks of Cambrian through
Mississippian age do not crop out in the study area.
Pennsyivanian (o Permian rocks of the Supai Formation
are exposed atong the Defiance uplift (fig. 2.5-1) in Apache
County. The tithologyv of the Supai Formation consists of
alternaung beds of reddish-brown sandstone, siltstone,
mudstone and white gypsum and gray limestone tHackman
and Oison. {977).

A thick sequence of Permian rocks was deposited by
alternauing transgressions and regressions of the sea
{McKee, 1567, p. 219). Extensive exposures of Permian
rock are present along the Defiance uplift in Apache
County. Arizona. and the Zuni uplift in Cibola and
McKinley Counties, New Mexico. The Permian De Chelly
Sandstone in Apache County is composed of orange, pink,
and red fine-to-medium-grained sandstone (Hackman and
Olson. 1977). The exposed Permian sequence of rocks in
Cibola and McKiniey Counties in ascending order consists
of the Abo and Yeso Formations, the Glorieta Sandstone,
and the San Andres Limestone. The Abo and Yeso Forma-
tions of Early Permian age are composed mostly of reddish
sandstone and siltstone with several limestone and gypsum
beds in the upper part of the Yeso Formation (Hackman
and Olson. 1977). The Glorieta Sandstone, a white and
buff-colored sandstone, is overlain by the San Andres
Limestone. a gray and vellow thick-bedded dolomitic lime-
stone tHackman and Otlson. 1977).

Triassic, Jurassic, and Cretaceous sediments were
deposited in continental, near-shore, and marine environ-
ments. Frequent facies changes represent the fluctuations
of the depositiona environments and regional unconformi-
ties itlustrate periods of erosion in Mesozoic time,

The Moenkop: Formation and Chinle Formation are
the Triassic sedimentary rocks in Area 62. The Moenkopi
Formation 1s composed mainly of red to brown gypsiferous
sandstone. siitstone. and shale and is shown in figure 2.6-1
as part of the Triassic rocks cropping out in southern
Apache Countv. The Chinle Formation, a variegated
sequence of sandstone and siltstone (Repenning and others,
1969. p. B-2) is exposed near Window Rock, Arizona,
along the Zun: River in Arizona, in southern and central
McKinlev and northern Cibola Counties, New Mexico (fig.
2.6-2). ‘

Rocks in the Glen Canvon Group are probably both
Jurassic and Triassic in age and are found in the northern
part of the siudy area along the Arizona-New Mexico
boundary, in southern and central McKinley County, and
northern Cibola County. The Glen Canyen Group con-

tains several formations that are composed mainly of
sandstone and siltstone and that have cross-tedding (Coo-
ley and others, 1969, p. A-i4).

Middle and Upper Jurassic sedimentary rocks include
the San Rafael Group, the Zuni Sandstone (fig. 2.6-2) and
the Morrison Formation. which lie unconformably on the
Glen Canyon Group. They are exposed in the northern part
of the study area in Arizona. in southern and central
McKinley County, and northern Cibola County. These
formations consist of mostly sandstone with some silty
sandstone and siltstone {Coolev and others, 1969, p. A-14
and Dane and Bachman. 1965).

Cretaceous rocks form the most extensive outcrops of -

rock units in the New Mexico part of the study area. The
Dakota Sandstone and Mancos Shale exposures are scat-
tered throughout the area. These formations are composed
of mostly gray. vellow, and orange sandstone, shale. clay,
and ‘silt (Hackman and Olson, 1977). The Mesaverde
Group overlies the Mancos Shale and major lithologies are
characterized by transgressive and regressive wedges of
sandstone with thick lenses of shale and coal (Silver, 1951,
p. 11E-113). .

Tertiary formations inciude the Bidahochi and the
Baca Formations which are mostly fluvial sediments and
contain some sediments of volcanic origin (Orr, 1982, p. 30
and U.S5. Department of Agriculture, (981a, p. 1-14).
These formations are present in the southern part of the
study area. The Tertiary Chuska Sandstone contains
wind-blown and fluvial sediments and is present along the
extreme northern edge of the area {Coolev and others,
1969, p. A-17). Other sedimentary rocks are inciuded in
the Tertiary designation on figure 2.6-1 and consist ot
conglomerate, sandstone. siltstone, and limestone. They
are found at the surtace in the western and central parts of
the study area.

A considerable amount of volcanic activity siarted in
Tertiary time and continued through much of Quaternary
time (Cooley and others, 1969, p. A-17). Ourtcrops of
Tertiary and Quaternary lava flows and volcanic deposits
{including volcanic breccia, wff, basalt, and cinders) are
present along the southeastern edge of the area at Pie
Town, New Mexico, westward to the State line and into
southern Apache County,- Arizona. and in the northeast
including the Mount Taylor volcanic field. Necks, volcanic
buttes, and diatremes protrude locally and are composed
mostiv of intrusive igneous rocks (rhyolite, trachyte, and
latite}, basalt, and consolidated ash (tuff) (Callaghan,
1951, p. 120-122, and U.S. Department of Agriculture,
1981a, p. 1-14).

Quaternary and Tertiary alluvium and bolson deposits
are found mostly along streams and valleys, and as land-
slide deposits throughout the study area. These sedimen-
tary deposits are composed of sand, silt, and gravel.

. rﬁ‘;z“"
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3.0 SURFACE WATER
3.1 Streamfiow Stations

Streamflow-Gaging Network Consists of 25 Stations

Streamfiow data have been collected for a variety of needs.

Data have been collected at three tvpes of

streamtlow gaging stations in Area 6. These sta-
tions, classified as continuous, partial-record. and
miscelianeous. have been established in response to
various needs and provide differing tvpes of stream-
flow information. For exampile. dailv mean dis-
charges, peak {lows. base tlows. and instantaneous
measurements tor the compiete vear are avatlable tor
<continuous-record siations.  The daily mean dis-
charges are computed from records of continuous
stage readings collected at the stations. Data con-
cerning peak tlows, low-flows and some instantane-
ous measurements are available at partial-record sia-
tions. Instantaneous measurements of streamilow
are made at miscellaneous stations. The gaging sta-
tions were astablished for various purposes. inciud-
ing long rerm hvdrologic assessment. data collection
for short-term projects established to study specific
problems. or in response (o data needs caused by
legai decisions or compacts.

The Conunental Divide, shown in figure 3.1-1.
crosses the study area. Streams to the east of the
Divide are within the Rio Grande pasin. The Rio San
Jose 112, 3.1-23 15 included in this area. Streams 0
the west of the Divide. which include the Zuni River,

Black Creek. Puerco River, and Carrizo Wash-Largo

Creek are part of the Liuie Colorado River basin.
The major river basins in the study area are delineat-

~=din figure 3.1-1.

The locations of the stations tor which stream-
flow data were analvzed in this report are snown in
figure 3.1-1. Periods of record. drainage areas and
other intformauon about the streamtlow stations are
iabulared in section 6.1. As noted in section 6.1 some
of the siations shown have been discontinued or
changed trom partial record to continuous record.
Fifteen of the 25 stations are currentiy being operat-
2d. Miscellaneous discnarge measurements have not
been inciuded in analvsis of surface-water data per-
formed in the following sections.

Data from miscellaneous stations are avaiiable
from the Geological Survey otTices in Tucson. Arizo-
na and Albuguerque. New Mexico.

Additional details about the period of record and
tvpe of data collected as well as the actual data. are
available from computer storage througn the Nation-
al Water Data Exchange (NAWDEX) ¢section 3.2)
and WATSTORE tsection 3.2). '
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Figure 3.1-2 Streamflow-gaging station (9); Rio San Jose
near Grants, New Mexico.
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3.0 SURFACE WATER--Continued
3.2 Streamflow Variability

Streamflows Exhibit Marked Changes Throughout the Year

Variation in streamflow is directly related to rainfall and snowm?2l:.

Most streams draining Area 62 are tvpical of

streams in arid or semiarid lands. For such streams,
there is no tlow during most of the vear. Most of the
streamflow results from infrequent intense storms
and from snowmelt causing a great deal of variability
within a vear.

To illustrate the variability of streamtlow that
exists within a particular vear, streamtlow hyvdro-
graphs for the 1980 water vear for the Zum River
(subject to regulation from upstream reservoirs) and
Rio San Jose (regulated by Bluewater Lake) are
presented in figure 3.2-1. As can be seen. there is
little flow for much of the vear. The periods of no
flow can be contrasted against the peaks resulting
from surtace runoff from snowmelt and storms.
Storm activity results in “flashy” peaks: that is. the

storms result in a rapid rise in sireamtiow to the
peak. followed by a rapid decrease in flow.

The monthly mean, maximum, and minimum
for flows on the Rio San Jose and Zuni River tor the
period of record are summarized in figure 3.2-2. A
majority of the annual discharge occurs from March
through August in response to snowmelt and storms.
Differences between the maximum and minimum
{Tows are variable from month to month. Maximum
discharges vary greatly between months. while the
minimum discharges are zero for most months. For
contrast, the maximum and minimum flows are
summarized below for the Zuni River and Rio San
Jose.

Map Station Maximum average flow Minimum average flow

No. Name Flow Water vear Flow Water vear  Average flow

13 Zuni River above Black 6.9 1972 1.39 1972 3.0
Rock Reservoir, N, Mex.

6 Rio San Jose at 28.7 1916 0.01 1961 322

Grants, N. Mex,
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3.0 SURFACE WATER--Continued
3.2 Streamflow Variability




3.0 SURFACE WATER--Continued

3.3 Mear z-: Zcse Fiow

Mean Annual Runoff is 1.4 Inch or Less

Mour:z ~ous areas contribute the most -_->— =3 “Ccws are indicat/ve of nv
ground-water ¢

A map Ja—ezxing the distribution of mean
annual unit ruazY mean annual runoff divided bv
drainage area) = Ar2a 62 is shown in figure 3.3-1.
The map, madi==: ‘rom one published by the U.S.
Department o Azr—culture (1981b). represents run-
off in terms o7 =mzrage depth of vearly runoff in
inches. Moun:z—=ces areas contribute the highest
runoff value o7 ..} inch with the lower altitudes
contributing less ~2=0ff. As pointed out in the U.S.
Department o7 A=culture publication, for streams
draining the —:i=:3inous areas. unit runoff de-
creases downsirzz=—.

-~ —— =

[ FOU N

Ia¢ "o x Jefined as streamflow that is com-
~~e: ~ =y round-water discharge. Most un-
-sr_e2; <iTs in Area 62 are ephemeral, flowing
~=~ =~ —amvese o storms and snowmelt. Base tlow
‘¥ -=ag¢ <o;ms is zero indicating no significant
—s.~c-wgx Zscharge. Streams that continue to
T -4 wwm ¢ =aemeral streams have gone drv. do
« i . == of spring discharge or man-made
s iomoom. soZ A8 from treatment plants or reser-
.-~ =~ =u=zple, the Rio San Jose near Grants
,,,,, .- “ow due to discharges from Horace

S~—=~~ g0 o3¢ Grants sewage treatment plant.
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3.0 SURFACE WATER--Continued
3.3 Mean and Base Flow
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3.0 SURFACE WATER--Continued
J.4 Flood Flow

Flood Magnitude and Frequency Values
Computed for Selected Streams

Technique available to estimate peak flood flows for ungaged streams.

Flood magnitude and frequency data for gaged
streams having more than 10 vears of peak-discharge
record are listed in rable 3.4-1. The flood vaiues were
computed using the station record according (o
guidelines outlined by the U.S. Water Resources
Council {1981). '

A multiple regression model was used by Thomas
and Goid (1982) to develop flood-estimating equa-
tions for ungaged streams in New Mexico. The
equations were developed using data from stations
throughout New Mexico, as well as in Arizona bor-
dering New Mexico; thus, the equations are applica-
ble 1o all parts of Area 62. Basin characteristics, such

as station altitude, rainfall, and drainage area were

used as the independent variables, with flood {lows at
each gaged station used as the dependent variables.
A complete description of the development of the
equations can be found in Thomas and Goid (1982).
The equations for estimating peak flood magnitudes

for return intervais of 10 vears (Q oh 50 years (Qqp).
and 100 vears (Q, ) are presented l)elow. )

Interval covered by
standard error of

Estimating equalion estimile {percent}

0 = sk« 10" A" isa 10007 -124
-&¢
0, = 201 « 10" A" isa, 00m -1
" .58
Q=3 i0" A" " sa00m ~ 145
. .

In the equations, A is the contributing drainage
area in square miles and Sa is site altitude in feet
above sea level. For example, the 100-year recurrence
flood at a site having an altitude of 6,300 feet and a
drainage area of 6.76 square miles would be estimat-
ed by the following calculations: (3.54 x 10%)
(6.76)°38 (6,300/1,00073% =1,700 cubic feet per
second. This value s subject to the large interval of
standard error listed with the estimating equations.
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Table 341 Flood magnitude 40d frequency st selected stations, s
 Discharge, s cuble foed por

~ation o . for tha
number =tation name ’ econd 7 Mﬁ’ ‘
16
4! Bluewater Creek near Bluewater. N. :\’13.‘(‘ 1,640
6* Rio San Jose at Grants, N. Mex.  ~ &
T Grants Canyon at Grants. N. Mex. | 040
Rio San Jose near Grans. N. Mex. 166
Largo Creek near Quemado. N. Mex. ‘ 158
: .Zani River above Black Rock Reservoir. N Mex, 3.930
ialestena Canvyon iributary near 8iack Rock, N. Mex, 433
- Milk Rancn Canyon near Fort Wingate, No Mex. 136
Puerco River at Gallup, N. Mex. 1,630
“Wagon Trail Wasn near omerco. N. Mex. ) 287
Black Creek near Lupton. Ariz. $.370

" Flow reguiated by Bluewater Dam .
* Some wathdrawals, divessions, and reguiation upsiream (rom stanon
Some reguiation from upsLIeam reservoirs

FLANATION

TION AND NUMBER

b

1 fof letabled e cescnipuon




3.0 SURFACE WATER--Continued
3.5 Ouration of Fiow

Streamflow is Poorly Sustained

Duration curves indicate little. if any, contribution from ground-water sources.

The flow duration curve is a cumulative frequen-
cy curve of daily discharges showing the percent of
time that specified discharges were equaled or ex-
ceeded during a given period.

The data presented in the duration curves (fig.
3.5-1) for 6 stations in Area 62 were computed using
a Geological Survev computer program (Hutchison.
1975). The curves may be interpreted using the
following puidelines. A steep slope indicates poorly
sustained flow. For example, a steep slope at the
lower end indicates that streamilow is not sustained
by ground-water discharge and tends rapidiv toward
zero during periods of low precipitation. Gentler
slopes indicate a more sustained streamflow such as
would occur if ground-water or other stored water
were discharged to the stream.

The duration curves for several representative
stations presented in figure 3.5-1, have, with one
exception, steep siopes throughout the lengths of
those curves. The only exception, Rio Nu‘ria, dis-
plavs a moderate slope. and therefore a well sus-
tained condition for flows less than 0.1 cubic foot per
second. Streamtlows recorded art the stations on the
Rio San Jose. San Mateo Creek, Puerco River, and
the Zuni River are subject to regulation which wiil
cause the shape of their duration curves to differ
from curves representing natural flow. Duration of
flow figures for other streamilow stations are con-
tained in tabie 3.5-1. The tabulated data can be used
to draw duration curves for those stations.

Table 3.5-1 Flow-duration data at selected stationa.

Station Flow, in cubic feet per second, which was equaled or
number Station name exceeded for percentage of time indicated
99.5 95 90 35 25 10 5 1
3! Bluewater Creek beiow
' Bluewater Dam. N. Mex.  0.21 027 029 038 042 3 20 5 B}
4 Bluewater Creek near
s Biuewater, N. Mex. 033 062 076 1.1 2 3.2 18.6 24 13
9 Rio San Jose near
Grants. N. Mex. 38 1.2 4.4 4.7 3 6.0 7.6 9.3 32
10 Largo Creek near
s Mangas. N. Mex. 0.04 0.09 009 0. 0.2t 0.38  0.62 1.5 20
5 Black Creek near
Lupton, Ariz. 0.0 0.0 0.0 007 0.19 1.9 10.7 . 2 130

|
, Flow regulated by Biuewater Dam
Alfected by diversions and discharges from city of Grants

!
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3.0 SURFACE WATER--Continued

2.7 Erosion anag Sediment

Annual Erosion Rates Generally Less Than
1 Acre-Foot per Square Mile

Sediment yield is dependent on topographic setting, soil type, climatic factors.
andiand uses.

Erosion potential and the resulting sediment
vield are of great interest in Area 61, The effects of
¢rosion may include degradation of water guality,
deposition ol sediments in streambeds and reservoirs.
decreased reservoir capacity, and removal of soils
and nutrients. All aspects ot erosion may resuit in an
economic loss to the inhabitants of the area wno use
streams as water supplies, use the land for stock
grazing or farming, or build structures. Area 62 is
marked by areas where extreme erosion has occurred
in the past and is continuing. The eftfects of erosion
(tig. 3.7-2Y can be observed in the alluvial valievs of
the Puerco and Zuni Rivers and in numerous washes
throughout the area.

The extent of erosion of the land by wind and
water varies greatly within the area, mostly in re-
sponse 1o a combination of factors. Specifically,
surface geology, soil types, climate, runoff, topogra-
phy. vegetative cover, {and use, and upland drainage
pattern ail affect erosion rates. Erosion rates ¢an oe
increased by some uses of the land. such as unim-
proved roads. consiruction sites, and by livestock
grazing. High rates are also a result of geologic

conditions within the area. Specifically. badland
areas, sites of substantial erosion, are a result ot the
significant erosion potential of the relauvely uncon-
solidated shales, mudstones. and claystones cropping
out in those areas. Low erosion rates occur in areas
having good grass cover and in forested areas.

Estimated erosion rates for Area 62 are shown in
tigure 3.7-1. Summaries of suspended-sediment data
collected at gaging stations are given in table 3.7-1.
The location ot the gaging stations is shown in figure
3.7-1.

The suspended partictes may contain certain
chemical constituents in guantites greater than that
found in the water surrounding those particles. The
samples tor the two Rio San Jose stations were
collected when large quantities of water were released
1o relieve pressure on an upstream dam. The samples
for the stations Puerco River near Church Rock 18)
and Puerco River at Gallup (20), resulting in the
maximum values. were collected atter a dam tfailure
at an upstream urantium-mitling operation.
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Figure 3.7-2 Effects of erosion in the alluvial valley
(east of Gallup, New Mexico).

Table 3.7-1 Suspended sediment at gaging stations.

Number of Suspended sediment concentration (mg/ L)

Station samples

number Station name taken Mean Minimum Maximum
6 Rio San Jose at Grants, N. Mex. 4 3.540 . £23 8.300
9 Rio San Jose near Grants, N. Mex. 4 s 19.0 672
1S Zuni River above Black Rock Res.,

N. Mex. 38 145 18.0 2.090

18  Puerco River near Church Rock, N. Mex. 2 17,100 18.000
20 Puerco River at Gallup, N. Mex. 6 24,440 3.360 70,100

3.0 SURFACE WATER--Continued

3.7 Erosion and Sediment




4.0 GROUND WATER--Continued
1.2 Recharge ana Discharge

Ground-Water Recharge Occurs Primarily Above 6,000 Feet and
Where Geology and Topography are Conducive to Infiltration

Major spring discharge occurs in the northwest and central parts of the study area.

Recharge to ground-water aquifers occurs primarily
rom ntiltration of runoff from precipitation in the moun-
tamous areas and on the tlanks of structural basins (U.S.
Department of Agriculture, 1981a, p. 3-22) (fig. 4.2-1).
These highland areas, which account tor as much as 30
percent of the ground-water recharge, are generally at an
aititude greater than 6.000 feet above sea level and receive
more than {5 inches of precipitation annually (Lower
Coiorado Region State-Federal Interagency Group for the
Pacitic Southwest Interagency Committee, 1971, p. V-21).
Recharge probably occurs also on Mt. Tavlor. along the
Continental Divide, and in the Gallo and Mangas Moun-
tains aithouegh it has not been mapped in these areas.
Minor recharge aiso oc.urs from infiitration of excess
irmgation water and canal seepage from surface-water
sources and from inriltration of precipitation in the center
of the basins. Infiltration in the center of the basin is
generally negligible as a resuit of the arid to semiarid
climate but may be affected by both topography and
geology.

Ground water is discharged by four natural processes:
(1yEvaporation in areas where the water table is near 1o the
land surrace: (2) transpiration by vegetation; {3) seepage
into stream channeis in places where the streambed (or
channel) intersects the water table: and. (4) spring dis-
charge (Lower Colorado Region State-Federal Interagency
Group for the Pacific Southwest {nteragency Committee,
1971, p. V-22).

Only small amounts of eround water are discharged by
evaporailon wn areas where the water table is near the
surrace tas the depth to the water table reaches 10 feet.
discharee oy evaporation becomes negligible). Large
amounts of ground water are transpired from ground-
water aguiiers by vegetauion.

- Spring discharge occurs where the water table inter-
sects the land surtace or where water from artesian aquifers
flows through {ractures or fault zones in the rock (Lower
Colorado Region State-Federal Interagency Group for the
Paciric Southwest [nteragency Committee, 1971, p. V-22),
Major areas for spring discharge are in the vicinity of Ojo
Caliente and Ramah. The combined discharge for springs
near Qjo Caliente is about 1 cubic foot per second and for
springs near Ramah combined discharge is about 1.1 cubic
fest per second {Orr. 1982, p. 46, 90). Studies by Risser
{1982) describe a spring called Ojo del Gallo locarted
southwest of Grants, New Mexico. Ojo del Gallo vielded
as much as 3 to 7 cubic feet per second in the 1930’s, ceased

38

flowing in the 1950's {Risser, 1982, p. 29). but has begun to
flow again ¢J.A. Baldwin, oral communication, [983).
Springs on the southwest side of the San Juan Basin,
around Window Rock. and in the Chuska Mountains
usually do not vield any more than .02 cubic foot per
second {Coolev and others. 1969, p. A-#4). Other springs
discharge near Black Rock Village, along ouicrops of the
Glorieta Sandstone and San Andres Limestone in the Zuni
Mountains (Orr, 1982), and along the Zuni River in
McKinlev and Cibola Counties (Summers. 1972, p. 83).

Induced ground-water discharge takes place as
ground-water pumpage from wells. Pumpage removes
water {rom the flow system and thus diverts ground water
from some of its natural points ot discharge. This tvpe of
discharge will be discussed in more detail in Section 4.4.

The areas of ground-water recharge which have been
mapped, and locally, areas of spring discharge are shown
in figure 4.2-1. Several publications discuss ground-water
recharge and discharge in specific aguifers but do not
include maps. These publications include studies about the
San Juan Basin (Lyford, 1979}, Apache County (Akers,
1964), the Rio San Jose (Risser, 1982),and McKinley and
Ciboia Counties (Orr, 1982). Other information from
some of these references describes gaining and losing
reaches along some of the intermittent streams. In general
ground water may be discharged to the stream {the stream
gains) or the stream water may be recharged to the adjacent
aquifer (the stream loses).

Ground-water movement in Area 62 is generally from
recharge areas in the highlands 1o the central parts of the
basins. Movement of ground water in central Apache
County, Arizona, mainly is southward toward the Little
Colorado River (Lower Colorado Region State-Federal
Interagency Group tor the Pacific Southwest Interagency
Committee, 1970, p. V-21). Ground-water movement in
New Mexico is toward the Puerco River in aquifers near
Gallup (Lvford, 1979} and near Zuni; in Cibola County
ground-water movement in the Glorieta-San Andres aqui-
fer. the Chinle Formation. the Zuni-Dakota aquifer, and
Bidahochi Formation is generally to the west (Orr, 1982).
Locally, along the Nutria monocline, ground water in the
Gallup Sandstone and Crevasse Canyon Formation moves
toward the Rio Nutria and Rio Pescado, but ground water
in more deeply buried Gallup and Crevasse Canyon rocks
probably moves northward to join the flow system near
Gallup (Orr, 1982, p. 77, 114).
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4.0 GROUND WATER--Continued
4.3 Depth to Water

Depth to Water Below Land Surface Generally
Less than 200 Feet

Depth to water varies because of complex geology and large topographic relief.

Depth to water ranges from only a few feet,
especially along the major streams and rivers to
about 500 feet along parts of the Detiance uplift,
near Hardscrabble Wash south of the Defiance
uplift. in the Gallup sag, and along the Mogolion
slope on the southern boundarv of the study area.
Depths to water of less than 100 feet commonly occur
in alluvial channels and in a few areas in Precambri-
an granite exposed southeast of Gallup, New Mexico,
in the Zuni Mountains (fig. 2.6-1). Depth to water
varies throughout the area because of the structural
compiexity of the geology and the substantial topo-
graphic relief. Generally, areas with similar depths to
water roughly follow the physiographic and structur-
al features of the area (Cooley and others, 1969, p.
A-22).

Both artesian (confined) and water-tabie
(unconfined) conditions occur in Area 62. Artesian
conditions occur throughout the area and artesian
springs and welils have been utilized in manv areas

10

(refer to figure 4.2-1 for the locations of major
springs). Water-table conditions are present in the
principal recharge areas (fig. 4.2-1), in the flat-lving
rocks between major upliftis, and in the shallow
alluvial aquifers along the major streams and rivers.

A generalized map of the depth to water in Area
62 is shown in figure 4.3-1. In specific areas, depth
to water mayv differ considerably from the ranges
indicated in this generalized map. The depth to water
shown in figure 4.3-1 is the depth in feet below land
surface, at which water is first penetrated, regardiess
of the quality, and is not the altitude to which the
water will rise in a weil. Data for figure 4.3-] are
from wells completed in the major aquifers (see
section 4.5) and include data through 1980 for
Apache County, Arizona (U.S. Depariment of
Agriculture, 1981b), and through 1971 (Cooper.
1971) for counties in the New Mexico portion of Area
62.
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4.0 GROUND WATER--Continued
4.5 Grouna-Water Quality-Continued
4.5.3 Jurassic, Triassic. and Permian Aquifers

Water in Permian Aquifers has the Largest Median
Concentrations of Dissolved Solids, Calcium,
Sulfate, and Hardness

Water-quality data are summarized for 38 Jurassic sites, 68 Triassic sites.

)

Throughout much of Area 62, Jurassic through
Permian aquifers underlie the coal-bearing rocks
(fig. 4.3.3-1). The location ot sampling sites for
these aquifers is shown in figure 4.3.3.2: because o!f
the map scale. one sampling site may represent
several closely spaced wells or springs, A summary

of the chemical anaivses for samples is given in table
4.5.3-1. ‘

The National Water Data Storage and Retrieval
Systemn (WATSTORE) lists 38 sites at which samples
have been collected from Jurassic aquifers: 25 for
the Morrison Formation, 8§ for the combined Zuni
Sandstone-Cow Springs Sandstone, and 5 for .the
Entrada Sandstone.. Compared to other aquifers in
Area 62. Jurassic aquifers exhibit small median con-
centrations of hardness and chloride.

Of the 68 Triassic sampling sites. 61 derive water
from the Chinle Formation, 3 from the Wingate
Sandstone, and 2 from the Moenkopi Formation.
The water typically is enriched with bicarbonate and
sodium but has small median concentrations of calci-
um and calcium carbonate hardness.

The summary of chemical analvses for Permian

48

and 69 Permian sites.

aquifers in table 4.5.3-1 is based on samples from
(wo aquifer svstems: the undifferentiated San An-
dres Limestone-Glorieta Sandstone in New Mexico
31 sites) and the undifferentiated Kaibab Lime-
stone-Coconino Sandstone in Arizona {18 sites). As
a group. the Permian aquifers have the most mineral-
ized water in Area 62, with the largest median con-
centrations of hardness, caicium, sulfate. and dis-
solved solids; however, the sodium and chioride
concentrations are rather small. Although the San
Andres-Glorieta and Kaibab-Coconino are strati-
graphically lateral equivalents, the available daa
indicate that water quality is markedly different in
the units. Median concentrations of all constituents
in the San Andres-Glorieta are much smaller than in
the Kaibab-Coconino; especially notabie are the con-
centrations of sodium (60 versus 360 milligrams per
liter), chloride (22 versus 430 miiligrams per liter),
and dissolved solids (740 versus 1.750 millierams per
liter). These differences mav be an aberration caused
by the few samples available or the locauon ot the
sampling sites. However, the water-quality differ-
ences could be caused by differences in composition
ot the rocks or the chemical composition of the
recharge to the aquifers.
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Table 4.5.1-1 Summary of chemical analyses of water yamples
from Quaternary and Tertiary aquifers.

Concentrations of dissoived constituents reported in milligrams per litar. except as indicated.
Micromhos., micromnos per centimeter at 25° Celsius. < . less than,

Number
Constituent or property Range Median of sampies
Specific vondutance
-1 {micromhos; 308-5,080 835
% pH {units} , 6.8-9.5 3 $7
= Bicarbonate {tHCQ ) : 140-670 320 4}
< Hardness (CaCQ,)’ 7-2.700 180 60
Calcium(Ca) ~ 2.4-5830 hE) &0
Sadium iNaj} 8.5-1.000 120 S0
Chioride (CI) 2.9-1,100 6 &0
Suifate (5Q,} 0.8-2.600 84 60
tron (Fe) 0-3.2 024 30
Manganese {Mnj < [-1.0 003 16
Dissolved solids 179-3.600 179 <9
Number
Constituent or property Range Median of samples
Specific conductance
{micromhos; ~27D-1.000 420 29
pH tunits) 7.1-10.0 3.0 23
Bicarbonate (HCO,) 32-330 153 19
Hardness (CaCO,)’ 82.262 130 : <3
Calcium (Ca) 1.8-69 34 30
Sodium tNa) 8.0-230 40 10
Chloride (Ch : 4.2-130 13 30
Sulfate (SO ) 1.8.95 1 10
tron (Fe) 0-0.530 020 =9
Manganese iMn} 0-0.120 006 i
Dissolved soids 153.625 262 30

4.0 GROUND WATER--Continued
4.5 Ground-Water Qualiity
4.5.1 Quaternary and Tertiary-Aquifers




4.0 GROUND WATER--Continued
< .4 Potentiai Yieid

Well Yields Commonly as Much as 100 Gallons
per Minute in Most of the Area

Consolidated sedimentary rocks store most of the ground water: permeability
and depth to water affect the availability of ground water.

\Wells completed in aquirers containing fresh to
siigntly saline warter (dissolved solids concentration
of less than 3,000 milligrams per liter} commoniv
vieid as muen as 100 gallons per minute. Yields of
this magnitude can be obtained in more than one-half
of the area (tig. 4.4-1}. Water is obtained primariiv
from both consolidated sedimentar, rocks and from
unconsoiidated stream-vallev sediments and aliuvi-
um. Only a smail amount ot unconsolidated rocks
are present in the area: therefore, the consolidated
rocks store most of the ground water. Well vields in
the unconsolidated rocks generally range from {00 1o
300 gallons per minute. Yields in the consolidated
rocks vary greatly because of differences in rock
permeabilitv. Most of the consolidated rocks vieid
from 25 to 100 gallons per minute. The use of
ground water i3 affected economically by the depth
from which it must be pumped.

Principal aguifers in the studv area include the
Permian Kaibab Limestone and Coconino Sandstone
in Arizona. wnich grade lateraliv eastward to the San
Andres Limestone and Glorieta Sandstone: the Trias-
sic Chinle Formation: the Zuni Sandstone, members
ot the Morrison Formation, and the Entrada Sand-
stone and Summerville Formation of the San Rarael
Group. ali ot Jurassic age: the Cretaceous Dakota
Sandstone. Mancos Shale. Gallup Sandstone and
formations in the Mesaverde Group: the Tertiary
sediments of the Bidahochi Formation; and the
siream-vallev sediments of Tertiary to Quaternary
age {table 2.7-11. Permeable volcanic rocks of Terti-
arv 1o Quaternary age vield water to wells localiy.

The est:maied potenuial vield for wells in Catron
County 15 gensrally as much as 100 gallons per min-
ute. Yields in Cibola and McKinley Counties are
similar. Greater vields ot as much as 300 gailons per
minute are found around Gallup, north of Black

de

(]

Rock. and along the western edges ot Cibola and
Cartron Counties. Well vields may exceed 300 gallons
rer minute around Bluewater in Cibola County.
Studies by Mercer and Cooper 1970}, Hiss and
Marshall (1975). and McLean (1980} provide more
detailed evailuations concerning the availability of
zround water and potential yieids in the Gallup area.
Estimated potential vields in Apache County range
widely from about 23 gallons per minute in the nortn
10 about 300 galions per minute in the south.

Estimates for the voiume of recoverable ground
water are not available for the entire studv area. The
general location and estimated potential vields of
ground water are shown in figure 4.4-1. Deraiied
investigations tocally provide some information. but
more data are needed to realize actual development
of ground-water supplies (U.S. Depariment of
Agriculture, 1981b).

Althougn the major water supply for rurai-
domestic. municipal, and industriai uses is ground
water, water supply for livestock use is from both
surface water and ground water {U.S. Depariment of
Agriculture, 198ib. p.3-2). The U.S. Department of
Agricufture ¢1981b, p. 3-14--3-20) estimated that
futur> iivestock water requirements will be increasing
and inat development ot ground water 1s the best
future source of water supply. Irrigation needs are
served mostly by surtace-water sources. In New
Mexico and Arizona some of the wells for municipal,
industrial. irrtgation, rural domestic. and livestock
use are completed in alluvial aquifers. Because these
aquifers are generaily thin and of limited saturated
thickness. aquiters of Cretaceous age and older have
been developed {refer to section 4.3 for major
aquifers). -

4
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Figure 4.4-1 Estimated potential vield of water wells.

4.0 GROUND WATER--Continued

4.4 Potential Yield




5.0 WATER-DATA SOURCES

A.1 Introguction

NAWDEX, WATSTORE, and OWDC Have
Water Data Information

Water data are collected in coal areas by large number of
organizations in response to a wide variety of missions and needs.

Within the U.S. Geologicai Survey there are
three activities that help to identify and improve
access to the vast amount of existing water data.
These activities are:

{1}  The National Water Data Exchange
(NAWDEX). which indexes the water data available
from over 400 organizations and serves as a central
focal point 1o help those in need of warer data 1o
determine whar information is available,

(2) The National Water Data Storage and Retrie-
val System (WATSTORE). which serves as the cen-
tral repository of water data collected by the U.S.
Geological Survey and which contains large volumes

51

of data on the quantity and quality of both surface
and ground waters.

(3) The Office of Water Data Coordinaticn
(OWDCQ), which coordinates Federal water-data ac-
quisition activities and maintains a “Catalog of In-
formation on Water Data.” To assist in identifying
available water-data activities in coal provinces of the
United States. special indexes to the Catalog are
being printed and made available to the public.

A more delailed explanation of thesé three activi-
ties are given in sections 5.2, 5.3, and 5.4.
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RBW. R7W. R6W.
DICATED SUBSTANTIAL URANIUM MAJOR MORRISON FORMATION
tALIZATION IN MORRISON FORMATION URANIUM MINES
NAME OWNER MAP NO.  NAME OPERATOR
_ﬁﬁ Guif 1 : Poison Canyon ~ (First sandstone uranium discovery
Section 24 Gulf : in region, 1951) | T.20N.
2 Dysart No. 1 (First Westwater Sandstone uranium
Fernandez Gult : discovery, 1955)
Meirich Homestake . 7 San Mateo _ United Nuclear
""""""""" Enerdyne 8 Cliffside Kerr-McGee
Johnny M Ranchers 9 Elizabeth Kerr-McGee
Section 19 Keradamex/Gulf 10 Marquez Kerr-McGee
Walker Dome Gulf 1" Section 27 United Nuclear
"""""""""" DeVilliers 12 Section 27 #2 United Nuclear
"""""""""" DeVittiers 13 Sandstone Kerr-McGee
""""""""" United Nuclear 14 © Ann Lee United Nuclear
--------------- Western Nuclear/N. M. Ariz. Land 15 Section 33 Kerr-McGee
Ruby Wells Western Nuclear/N. M. Ariz. Land 16 Section 17 Kerr-McGee | T.I9N.
"""""""" Western Nuclear/N. M. Ariz. Land 17 Section 32 United Nuclear-Homestake
{continued on sheets 1 and 3) 18 Section 19 Kerr-McGee
19 Section 30 West Kerr-McGee
20 Section 30 | Kerr-McGee
SEE SHEET 3 FOR EXPLANATION 21 - Section 24 Kerr-McGee
' . 22 Section 25 United Nuclear-Homestake
SEE BACK OF SHEET 3 FOR TEXT 23 Section 23 United Nuclear-Homestake
24 Section 15 United Nuclear-Homestaké
Lo ‘\l T %l{;gj //J 25 Section 22 Kerr-McGee
; )‘, } B ‘|~:5::— j l’,rfi’f"i;_—;f\ - 26 Black Jack #1 United Nuclear-Homestake
\,\ )\\' r //;i .Q’[ll >N y (continued on sheets 1 and 3) _ T.I8N.
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Cuntact of the Entraaa Sunastone ana Chinie
Formation is exposed al the base of he nil
:t .00 The Chinle is the soit-weamering.
ourplish shalv unit.

Nz

STOP 3-Discussion of the Mesozow secuon
exposed on ciiffs. The Owl Rocn Memreper of
ihe Chinie Formation (Upper Triassics

sooriv exposed ai the base or the ciiff. The
Owl Rock is uncontormaviyv overiain by the
Sntraaa Sandstone of Late furassic age. The
Tnatraga is about 230 feet thick here and has
heen divided into three parts on U.S.G.S.
auadrangie maps in this area. The fower 30:
feet is called the ivanbito Member anag is a
cross-bedded sandstone unit that rormeriy
was considered to be \Wingate Sandstone.
Above this is a 30=-foot-thick medial silt-

is




AT ot M i

TIRST DAY ROAD LOG

~tone memper. .na e the main thick
apper sandstone memoer. Tne Entrada is an
eohian deposit.

The Entrada is overlain bv the 19 to
40-foor-thick Todilto Limestone. The slope-
former above this is the Summerviile Forma-
tion which is about 60 feer thick and consists
o reddish brown to orange silty sandstone
2nd silistone. The overiving Cow Sorings
Sindstone 15 divided into a tower unit made
WD L of cosets ol medium scale cross-bedded
sandstone and flat bedded siitv sandstone
aind an upper thick, fight greenish gray unit
consisting of large scale. eolian cross-bedded
sandstone. The Cow Sorings has also been
called Bluff or Zuni Sandstone and Thoreau
Formation.

The Morrison conformablv overlies the
Cow Springs and is divided into-three mem-
bers which in ascending order are: 1} Re-
capture  Member., an  interbedded reddish
brown siltstone and light gray sandstone unit;
{2) Westwater Canvon Member a thick. light
red fluvial sandstone unit; and {3) Brushy
Basin Member. a slope forming unit of green-
ish to purplish grav shale and sandstone. In
earlier mapping, Clay Smith named these
three members. in ascending order: Chavez,
Prewitt and Casamero members. An uncon-
formity is present either at the base of the
Morrison or within the Recapture Member.
The Westwater Canyon Member is the major
uranium producer in the Grants mineral belt.
The Todilto Limestone and fluvial sands in
the Brushy Basin are also productive.

The brown unit capoing the hiil is the
basal fluviai sandstone of the Dakota, which
unconformably overlies the Morrison. The
Dakota truncates the section to the south
overlving the Chinle Formation south of the
Zuni uplifr.

The unconformity at the base of the
Entrada is a regional unconformity in which
the Entrada and associated Carme! Forma-
tion overlie progressivelv older strata from
west to 2ast across the Colorado Plateau: one
might call this the craton’s response to early
Nevadan orogeny.
~ An interesting bit of nomenclatural history
concerns the type area of the Wingate Sand-
stone. This is at the Wingate cliffs; a con-
tinuation of these cliffs extend about 22
miles 10 the west near Fort Wingate. New
Mexico. After the Wingate place name was
applied in New Mexico. the Wingate nomen-
clature became firmiv entrenched ‘in the

1.4

113.6

118.3

118.8

T <

fiterature or southeastern Utah for 3 sana-
stone ped which apparently does not exist at
the tvpe locality. When, it was realized that
the tvpe Wingate was actuallv the Entrada
Sandstone of scutheastern Utah. for some
reason, the first reference and tvpe focality
Jid not take oprecedence. Ever since. some
workers have tried to include a part or the
tVingate in the originai “Wingate inow En-
trada; cliffs. but regional corretations show
the Wingate truncated edge ic far to the west
near the Arizona-New Mexico border. The
\Wingate is present in the northwest corner of
New Mexico. Incidentally, the ‘ingate,
which was originally considered to be Early
Jurassic in age and later was thought to be
Late Triassic. is now considered Eariv Juras-
sic in age on the basis of palvnomorphs
found in the time-equivalent Moenave For-
mation in south-central Utah. Those paleon-
tofogists are a shifty buncnt

1.5
Thoreau Chapter House on right.

1.3
Cross Santa Fe Railroad tracks.

0.2
Turn left on frontage road: do not go under
1-40! After turn, Mt. Tavlor is straight ahead.
On right is dip slope of Chinle {largeiv Son-
sela Sandstone Bed) off Zuni uplift to south-
west.

2.8
On left at 9:00 is good view of cliff expo-
sures from Chinle to Dakota. Light green,
massive sandstone about half wav up is eolian
Cow Springs Sandstone. Refer 1o mile 105.6
for discussion.

2.2
Roadcut in Chinle. Haystack Butte is straight
ahead. This is the location where Paddv Mar-
tinez. a Navajo sheepherder. collected sam-
ples of the Todilto Limestone containing
vellow uranium minerals. Publicity associated
with the find started the uranium boom in
the Grants area in the fali of 1950.

3.7
Roadcut in Chinle (Sonsela Sandstone Bed).

1.0
Road junction with N.M. 412 continue
straight ahead.

0.5
KOA Campground on right and road junction
on left; turn left toward Borrego Pass. This is
Baca—the point where a proposed railroad
spur will head north to Star Lake to bring
Jown c¢oal to the Santa Fe's main iine from
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NOTES TO THE USER '

* Wetiands which have been field examined are ndicate
on tha map by an asterisk (*).

¢ Additions or corrections (o the wetlands information
dispiayed on this map are solicited Hmc torwacd suc:
information 10 the address ndicated .

s Subsysiems. Classes, Subciasses, lndWIlu Regimes
in Aalics ware deveioped tpcaﬁﬂﬂn.!w NA'(’!ONA&
WETLANDS INVENTORY mapping. ;.

« Some .rmmuamm%sw OR R4S3,
(INTERMITTENT STREAMSJM o mw the dlﬁﬂi-
Md “‘u“ 4.'1‘— ! 3
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GRANTS, NEW MEXICO
(SW Y, of Albuquerque 1:250,000)

on the mep by an eslgrisk () :

* Additions or corractions 10 the wetiands o e
dispieyed on this map are solicited. Plesss forward such > <
information 1o the sddress ndicated. .

¢+ Subsysteme, Classes. Subciesses. snd Weter Regimes
in kabics ware developed specificaily for NATIONAL
WETLANDS INVENTORY mapoing.

o Some aresa designaied ss R4S8. R4SBW, OR RASBY
(INTERMITTENT STREAMS) may not meet the defini-
tion of wetlend, )

¢ This map uses the ciass Unconsociidated Shore {US).

On eartier NWI maps that ciass wes designated Besch/

Bar B8}, or Fiat (FL). Subciasses remain the same in both

versons.

Other information including a narrati\)e report concerning the
wetland resources depicted on this document may be available.
For information, contact:
Regional Director (ARDE} Region 1l U.S. Fish and Wildlife Service
P 0. Box 1306 Albugquerque, New Mexico 87103
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GEOCHEMISTRY OF URANIUM

Atomic Chemistry of Uranium

A. Atomic Number: 92, heaviest naturally occurring
element.

B. Atomic Weight: 238.03

C. Naturally Occurring Isotopes Activity %
. (radioactive
Abundance decay events
Mass No. Wt. % per unit of time)
238 99.28 48.9
235 0.71 2.2
234 0.0054 48.9
D. Nuclear Properties

1. All isotopes of uranium are radioactive.
2. U=-235 is readily fissionable.

3. All isotopes of all elements above Bismuth (83)
are radioactive.

Isotope Half Life

0238 4.51 x lO9 years
U235 7.1 x 108 years
U234‘ 2.48 x lOSvyears

E. Electronic Structure and Valence States
Orbitals

K shell
L shell “ radon core
M shell il Rn
— 222
N shell - -
0 shell *
P shell %
P
h « , . ,
2 shell L T ™~ vacant in case of uranium
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2. Energy of decay process often results in oxidation,
therefore g234 mange U*6 from U238 in U0, (uraninite)

Note: U238 and U235 always in fixed ratid in
nature. ‘
VI. Measurement gﬁ Nuclear Radiation
A. Alpha (o¢) radiation measured by
1. proportional counters (gross =< radioéctivity)
2. semiconducﬁor detectors, for e< energy spectrometry
3. Aphotographic techniques (track etch)
radon o< particularly
4. helium analysis with mass spectrometer
B. Beta (B) radiation
l. measured with proportional counter
2. not very uéeful, except for ore grade control
C. Gamma (¥) radiation

1. Because of high range and discrete energy levels,
most frequently measured radiation

2. Geiger counter

a. 1lnexpensive, measures total ¥s from all
sources, non energy selective

b. s enter gas-filled tube, ionize gas, giving
electrical impulse

3. Scintillation counter
a. medium resolution ¥ energy spectra
b. medium cost $2000 - 20,000
c. ¥ strikes Nal crystal, converts energy to

light. Sorts light intensity for different
energies
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4.  Semiconductor detector (germanium)
a. high resolution Y spectra

b. high cost

Uranium Analysis by Gamma Spectrometry

1. U238 series
a. U238, U235, g234 J energies are too low
for practical measurement
b. Bi214, daughter in U238 series, has ¥ energies
of 0.61 MeV and 1.76 MeV which are readily
measured. Figure 28.
c. Bi214 is good measure of Rn222
d. 81214 activity is reliable measure of U238-U235
activity only if sample has not weathered for
1l million years, and radon has not escaped for
3 weeks
e. Bi214 is the mechanism of "radiometric
assaying" for uranium
2. Th232 series
a. T1208 daughter has high energy 2.615 MeV ¥
(Figure 29) :
b. Th232 analysis by measuring leo8 activity
because short-lived daughters
c. Some Th232 series ¥ s interfere with 1.76
MeV ¥ from Bi214, so need to know Th content
when measure Bill4 activity
3. K4O gamma spectrum )
a. high energy 1.46 MeV ¥ (Figure 30)
4. Sdperimpose U238, Th232, and %0 J spectra
a. 2.615 MeV,Tl208 from Th232
b. 1.76 MeV, Bi214 from U238
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Organic-rich limestones (epigenetic)
1. Dynamic ground water system

2. Ocean water (2ppb U) oroxidizing uraniferous
ground water by evaporitic pumping (Fig. 139)

3. Todilto U deposits, Grants, New Mexico
a. Algal stromatolites, organic rich
b. Rest on red, hematitic Entrada Sandstone

c, U probably derived from Fe-Mg silicates in
Entrada

d. Evaporitic pumping of uraniferous ground
water to organic-rich reducing environment
in Todilto

Coals (epigenetic)

1. Uranium accumulation principally in low-rank
coals '

2. Beneath unconformity with overlying tuffaceous
oxidized rocks

3. Black Hills examplé (Fig. 140)

Sulfide-bearing veins (epigenetic)

1. Beneath an unconformity (Fig. 141), or

2. at the ground surface

Reducing gas moving to uraniferous oxidizing water

1. H.S, methane, or‘other volatile hydrocarbons
mdve upward, through ground water

a. U and pyrite precipitation at ground water
table (Fig. 31lr)

b. U and pyrite precipitation at positions of
maximum reduction, at or near point of in-
troduction of reductant into oxidizing ground

waters (Fig. 142):

1. along faults (S. Texas, NW Colorado)

2. above subcrop positions of petroliferous
aquifers :
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TRANICM RESQOURCES OF NORTHWESTERN NEW MEXICO

~BLE 4¢.—{'ranium deposits. by county, in northwestern New Mezico—ontinued

Location
N ame of deposit - — 2 Description of deposit and sampie fource of data
s=C. . .
MecKinley County—Continuned
Junior ‘)L .. NEV 4. i3 N. 10 W. Mineraiized zone in carbonageous sandstone near fN. Novembper 19/
nase of Dakota Sandstone. Ure mined from open-
sut, 1953,

Pat (Dakota) (6). SEUNEW 4._._. 13 N. 10 W. Severai lenses of dart-gray radioactive material in Do.

about 300 ft zone about 13 ft thick in uoper part of 60- to S0-ft-

irom ¢4 cor. “hick sandstone. This sandstone mayv be at base of
secs. J und Jmb or at too of Jmw. The lenses are in buff to
i . zray crossbedded sandstone and ranee in thickness

irom a few inches to apout 1 ft. In 1934. the

workings were four short partiy connected adits. all

within an outcrop distance of apout 100 ft. Mined

. in 1952-63 but most of ore mined since 1958,

Section 5 (West- S, 13 N. 10 W. Probabiv in Dakota Sandstone. put some mayv occur AEC.
vaco: Febcot?)) in Jmo. Ore was mined from adit, 1938.

(k).

Sections 10 and 11_ 10 and 11.____. 13 N. 10 W. \lineralized material in sandstone in Jmb and AEC. DH.

possibly in Jmw. ‘

Sections 12 and 13. 12 and 13...__. 13 N. 10 W. Mlineralized material in sandstone in Jmb and Do.

possibly in Jmw. Locality is near western limit of
Jmpe. Relations of the deposits to Jmpc are not
snown.
Section 14. .. ..._.. NEW 4. ... 13 N. 10 W. Some mineralized sandstone and a few scattered Mathewson (1333.
ziineralized fossili iogs at outcrop, probably in o, L.
Jmoec.
Red Point Lode SWLS W 13 N. 10 W. Smail deposit in middle and lower parts of Todilto (Cabeiman (1936b.
1 28) NWi{ 16. Limestone. associated with eastward-trending 2. 394)
intraformational anticlinal fold in limestone. MeLaugniin
Deposit mined from open pit, 1952-33. 1963. p. 146}.
Section 17._.__... NWIo17o L. 13 N. 10 W.  Several smail deposits in Todilto Limestone.._....._._. Food Machinery at
Chemical Corp..
DH., Julv 1935;
and AEC, DH.
Do ... ._. NWUNWY 13 N. 10 W. Small deposit in Todilto Limestone_____..__________ Do.
SWY 17,
Section 18, NE{.__ SUNE} 1S.___. 13 N. 10 W. Northward extension of several medium deposits AEC. DH.
from 3E'Y of section and several other scattered
: small deposits in Todilto Limestone. :

Section 18, SW1{ SWL ISl 13 N. 10 W. Cluster of medium and small irregularly shaped Federal Uranium
{ Williams and deposits in Todilto Limestone. Several deposits Corp.. DH.
Thompson} (32). mined from inclined shaft, others from opencuts, June 1956: AEC

1952-64.

Section 18, SE! SEW 1S ... 13 N. 10 W. Cluster of medium and small irregularly shaped AEC, DH.

(Williams) (33). deposits in Todilto Limestone. Deposits mined
from open pits, 1953.

Havstack (Hav- NWY 19 .. ... 13 N. 10 W. Large, irregularly shaped. roughly tabular. partly FN. July 1953:
itack Butte: oxidized deposit approximateiv in middle part of iavstack Mour
Section 1Y, Todilto Limestone. Deposit i3 elongate northward ::in and Devein
NWLY) (16). and assoctated with numerous intraformsational ment Co.. DH.

folds in limestone, some of which include the top 1935: Gabelmar
few feet of the Entrada Sandstone These folds 1956b. p. 393-
have diverse trends. but the dominant trends are 396).
northward and eastward. Ore mined from opencut,
1952-57.

Section 19, NEY NUNYNEY 19.. 13 N. 10 W. Several small or medium deposits. near or at outcrop AEC.

134). of Todilto Limestone. Deposits mined in 1959-64.

Section 22, NE%... NEW 22 . _____. 13 N. 10 W. 3mall deposit in Todilto Limestone. Deposit worked MecLaughlin /1963
Dv open pit, but no snipments reported. D. 146).

Section 23 (38).... SWSEY 23...__. 13N. 10 W. Cluster of small and medium irregularly shaped Havstack Mounta
deposits in middle and lower parts of Todilto and Develoome:
Limestone. Cluster is in elongate zone about 300 ft Co.. DH. Junel
wide that trends eastward along southern margin and January 197
of SEY{ of section and into adjoining secs. 25 and

: 26. Ore mined from opencuts, 1957-38.
Bob Cat (10)._.... NEYNEW(?)24. 13 N. 10 W. AEC.

Deposit probably in Jmpe. Ore shipped in 19535.__ ..
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PENECONCORDANT DEPOSITS IN TODILTO LIMESTONE

The high uranium content of the host rock is dem-
vnstrated by a suite of 10 samples collected between
Abiquiu and Santa Fe (fig. 18). Uranium content of

hese samples ranged from 2 to 12 ppm (paris per |

illien) and averaged >5 ppm. Eight of the samples

were sandstone and two were siltstone. Although they |

vere collected roughly parallel to the strike of the
eds. they likely represent several hundred feet of
stratigraphic section, including the part that contains
“he uranium deposits, because the coverage is about 40
niles. '
The high uranium content of the Tesuque Forma-
tion can most likely be attributed to the high uranium
oncentrations in the voleanic ash, as shown by the
.ollowing five samples:

. . Uranium
Sampie Localite Description content (ppra}
54 el 4
TATLL L Center E4 sec. 33, Top 3 in. of 42- 18.1 %
T 1I9N.R.QE. in.-thick expo-
{ =1 mile south of sure of ash bed.
locality of sample
252605, fig. 133,
B ... do...._ ........ 28 in. above base 10,7 M
of ash bed de-
scribed (or
sample 2A.
2y .. do.. . ... _..._. 6 in. above base 3.6 )
of ash bed de-
scribed for
sample 2A.
230584... N'WUYSEL zec. 17, Channel across 4 ) 20
T 20N.R.9E. ft-thick white
tuff bed.
39585... Center Wi, sec. 17, _._.. do........... Q) 30
T.20N. R. QO E.

{23,500 ft north-
aagt of locality of
sample 232603,
fig. 18, and 1.700
ft west of localitv
of sampie 239584
‘qee above!.

! Analyst. €, O, Angeio.
*Data from R. L. Cannon ‘oral commun., 1985).
I No data.

These samples show a range in content of 5.6-30
pm U or el” and. although the eU values may be
aigh because of disequilibrium, the tuffs probably
average more than the entire host rock.

The uranium deposits postdate the Tesuque Forma-
don. Their surficial relations and envelopment within
radioactive opal. which also coats surficial debris, in-
dicate that they were probably formed in the present
:ycle of weathering.

PENECONCORDANT DEPOSITS IN TODILTO LIMESTONE
AND ADJACENT FORMATIONS

About 100 deposits or clusters of deposits are listed
in the Todilto Limestone. of Jurassic age, on plate 1.
Deposits occur in other limestone units, but are uncom-

95

mon: nearlv all of them are associated with faults and
are classified as vein deposits. A few others are seg-
ments of deposits that are primarily in sandstone; they
have been described previously. Most of the deposits
m the Todilto T.imestone are in the Ambrosia Lake
and Laguna districes. McKinley and Valencia Counties.
A few are scartered in the southern part of the Chama
Basin. Rio Arriba County, and in the Chuska district.
=an Juan County.

From 1930 to 1964. about 980.000 tons of orz was pro-
duced from 52 mines in the Todilto Limestone. This ore
had an average grade of 0.22 percent 17;0; but ranged
from 0.10 to 0.43 percent U,0; among the mines. Prior
to 1959, 445.000 tons of this ore averaged 0.14 percent
V,0: and had a U7: V ratio of about 5: 2. similar to that
of most of the deposits in sandstone. All but a few
thousand tons swas mined in the Ambrosia Lake District:
the remainder came from three mines in the Laguna
district and one mine in Rio Arriba County.

The ores ranged fro 25 to 98 percent lime and aver-
aged 80 percent. Ores from only a few mines averaged
less than 30 percent CaCO;: these were mostly mixed
ores that came from deposits that extended into the
underlving Entrada Sandstone or overlying Summer-
ville Formation, such as the Sandy, Zia, and Hay-
stack 2.

) STRATIGRATHY

Regional stratigraphy of the Todilto Limestone and
its relations to the underlying Entrada Sandstone and
overlying Summerville Formation were outlined pre-
viously {p. 1%), but the local stratigraphy in the Am-
brosia Lake and Laguna districts will be discussed in
more detail to explain the relationships of the deposits.

Tn the Ambrosia Lake district only the limestone
member crops out, but the gypsum-anhydrite member
has been penetrated by drill holes about 8 miles
north of the outerop (J. C. Wright, written commun.,
1957). The limestone member, which contains all the
deposits. ranges in thickness from about 5 to 30 feet
and averages about 15 feet. It comprises three units
which are referred to locally as the basal “platy,” me-
dial “crinkly,” and the upper “massive” zones. The
platy and crinkly zones are about equal in thickness
and compose about half the total thickness of the mem-
ber. Theyv consist of fine-grained laminated and thin-
bedded limestone, which contains thin siltstone part-
ings and locally seams of gypsum. Black fine-grained
films of carbon-rich material are conspicuous locally,
especially along the partings in the crinkly unit. Bed-
ding in the platy unit is undisturbed, but in the crinkly
unit is intensely crenulated. The massive unit is more
coarselv crystalline and indistinctly bedded limestone,
and it varies markedly in thickness from place to place.
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F1eTrE 10.—Geologic section across uranium deposit in Todlto Limestone, showing displacement by diabase
intrusive, 3andy mine area. Geology by Frank Hensley.

intersect deposits, the deposits are displaced and
Gerefore must be older.
(rabelman 1936b. p. 391-302, fig. 132), however,

impiied that the deposits mayv be vounger than the :
frulrs and foids by noting that the deposits occur :

Cithin the area of strongest faulting and along the
ixes of northeastward-irending folds. both of which
tre on the flank of the Zuni uplift and within the
aarpest bend of the strike of the Thereau homocline
meaning the hend of the ("haco slope sourheastward
iround the Zuni uplift and soutiiward along the west
ank of the McCartys svneline).

(Gabelman’s northeastward-trending folds probably
are related 1o the =ubparailel faults (see p. 61). and
“nth probably are the same age. Because the faules

ispiace the deposits. both the folds and the faults must

~e vounger than rhe deposits and could not have influ- |

enced their emplacement.

The oldest recognizable structural features that are
-ertainiy vounger than the deposits are the fractures
'n the Laguna district that formed contemporaneously
“ith the Rio (rande trough during the third period of
eformation. These fractures are intruded by diabasic
dikes and sills which. in turn, are broken by the same
2t of fractures, a relation that indicates their contem-
coraneity. The deposits show no relation to the frac-
rures, and the diabasic intrusives displace and metamor-

161) (fig. 19). These facts demonstrate that the deposits
are clearly older than the fractures and the intrusives.

Field relations indicate the fractures and intrusives
probably formed mostly in middle to late Tertiary time,
and probablr prior to the Mount Tarlor eruptions.
Inclusions of the diabase were found in a volcanic pipe
that probably supplied one of the earliest basaltic flows
{ Hilpert and Moench, 1960. p. +44). The fact that these
flows were extruded during the latest stages of the

. Mount Tavlor eruptions indicates the diabasic rocks are

at least older than what may be the oldest basaitic flows.
Because the entire sequence of Mount Taylor probably

formed during an eruptive cycle, a relatively short

period of time, the diabasic intrusions probably took
place before the Mount Taylor cvele, as weli as before
the basaltic extrusions. Conclusions are that the deposits
are older than anv of the intrusive igneous rocks within
the Laguna and Ambrosia Lake districts and that their
emplacement could not have been influenced br them.

PENECONCORDANT DEPOSITS IN SHALE AND COAL

Deposits in shale and coal are quite similar in mineral-
ogy and form to those in sandstone and. in some in-
stances, where thev occur in nearly equal proportions
in both rock tvpes. are classified rather arbitrarily. The
host rocks. however, are different, so the deposits are
separated for descriptive purposes. The deposits occur

‘hose the uranium deposits (Moench, 1962; 1963c, p. { In shale and coal of Permian. Cretaceous, and Tertiary
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Rapaporr. Hadreld, an ¢ Olzon 1932y st deserived
the inrmifornmtionad fedds and dared their cevelopment
ws shorrly atter deposition of the Tadiltn sediments.
Crabelian c10anh deseribed <ome of them in detail ana
drew simitar conehizions regarding tiie age of their
formation. and Hilpert and Moench (10603 described
rheir association and peotable conreniporaneity with
rie Inrger pre-Dhikora foids in the Ambrosia Tuake and
Laguna districts.

The intraformationai folds occur in a great variety

of shapes, ranging from open and closed “anticlines to :

recumbent folds. crevron folds. and fan folds. They
are mostly anticlinal and asvmmetric. but some are

ward- ind northwara-trending pre-Dakota smelines.

. and the dominant trends of the axes of the intrator-

mational folds are likewise easr,ward ana northward
 Moench. 1963c, p. 159). (See fig. 2, this report.)
The Todilto Limestone in the Laguna district is aiso

somewhat thicker in the svnelines than on the crests

. of the adjoining folds. This fact suggests that the intra-

svnclinal, open. and symmetrical. Most of the folds are :

small, pronounced structural features that have ampli- ;
rhan their breadths. The largest :

tudes generally less

have a breadth of as much as 30 feet and an amplitude

o1 about 25 feet and involve the entire thickness of the
Todilto and basal part of the overlying Summerville

Formation. The smallest are measured in inches or |
fractions of an inch and commoniy bear a drag reiation :

tn larger folds. In lengtn the folds range from a few -
{eet to hundreds of fecet. They mostly are somewhat ;

sinuous and elongate. but some are rather tortuous in :

plan or are simplyv domal.

tered. and in both the Ambrosia Lake and Laguna dis-
tricts the fold axes'in the clusters generally trend east- ;
ward or northward. Others show an almost random i

arrangement.
All the folds are fracrured or jointed and some are

faulted. The associated faults, however. are almost in-
variably intraformational and die out within the folds !

or wichin the Todilto Limestone and basal part of the
Summerville Formation. Many faults are reverse type
and closely follow the axiai plane of tight or recumbent

formationai folds formed by Howage down the limbs
of the pre-Dakota folds. This flowage apparently oc-
~urred under cover in post-Todilto time because the
intratormationai folds are not truncaeed by bedding
planes.

Similar reiations are indicated in the Ambrosia Lake
district. Where data are available, particularly where
uranium deposits have been mined. the intraformational
folds also tend 1o trend eastward and northward and
to make up clusters with similar trends ((Gabelman.
1956h, fgs. 134-135: Hilpert and Moench. 1960, p. 460~
461, fig. 12y, The pre-Dakota folds in the overiving
rocks likewize rrend eastward: others might also trena
northward, as in the Laguna distrier. hut more deratiedd
information is needed to determine this.

In the Chuska district smadl anviciimad intratorma-
tional folds eccur along a 4-mile strip of outcrop west

- of Sanostee in the upper pa.rt of the Todilto The largest
The folds generaily tend to be concentrated or clus-

folds. All the related faults. however. show little dis- -
placement, seldom more than a foot or =0 and generaily :

not more than a few inches.

Most joints are neariv vertical and comprise many :

sets. The principal set iz longitudinal to the folds and
probably formed with the folds or shortly after. similar
to the intraformational faults. Other subsidiary joints
make up an almost random parttern. although in some
deposits in the Ambrosia Lake district a minor set is
roughly normal to the fold uxes. Many of the joints
probably formed during later periods of deformation.
The complexity of rhe fold and fracture patterns is

illustrated by the structures in the Havstack, Gay |
Eagle. and Black Hawk deposits (Gabelman, 1956b, |

figs. 135-137).
In the Laguna district the intraformational folds are
localized along the tlanks and troughs of broad east-
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|
|
|
|
|

folds have amplitudes of as much as 2 feet. a width of
3 feet. and a length of 15 feer, Where concenrrated or
most highly developed they are subparilel, but show
no re'ation to Laramide structures (.J. W, Blagbrougi,
D. A. Thieme. B..J. Archer..Jr..and R. W, [Lott, written
commun.. 1959).

In rhe =ourh part of the Chama Basin. similar intra-
formational folds have been noted in the Tondilro Lime-
stone at the outerop south and east of Coyore. Same of
these folds have amplitudes of as much as several feet
and widrhs of us much as 25 or 30 feer. but their iengths
and trends are not known.

Structural features that formed principaily during
the second period of deformation in rhe Ambrosia Lake
district consist of the Chuaco slope nr homociine, wesr
flank of the McCartys svncline, a set of fractures anc
folds that range in trend from northeast to north, ana
some domal and antielinal structures. (See p.ni-62). In
the Laguna district they consist ot the east iimb of the
McCartvs syncline. a north-trending faulted monocline.
and a set of faults and fractures that were intruded in
manv places by diabasic dikes and silis. 1 =ee p. V0.

MINERALOGY AND FORM
Mineralogy of the uranium deposits in the Todilto
Lintestone has been partly described by Rapaport. Had-
field. and Olson. (1952, p. 9-12). Laverty and Gross
(1056, p. 200). and Truesdell and Weeks (1060). and



PENECONCORDANT DEPOSITS IN TODILTC LIMESTONE

has been summmarized by Granger {1963, p. 33-33) and
by McLaughlin (1963. p. 140).

The deposits in the Todilto differ from the ones in
sandstone principally in their relative sparseness of
metallic sulfide minerals and
fluorite.

Unoxidized minerals that have been identified are
uraninite, coffinite. paramontroseite. haggite. Huorite,
pyrite. marcasite. and galena. Barite. specular hema-
tite, vanadium clay. and recrystallized calcite are close-
Iy associated sith these minerals and probably are also
primary.

Uraninite is more abundant than coffinite and occurs
as colloform coatings on grain boundaries, as veinets
in limestone. and as replacements of the limestone
grains along bedding planes and along the walls of
veinlets. Coffinite at least locally coats uraninite and
fills shrinkage cracks in uraninite.

The formation of haggite. paramontroseite. and

vanadium clay generally preceded that of uraninite, The
haggite occurs as fine blades and fibers along grain
boundaries and solution channels in limestone, and
some as intergrowths with paramontroseite. The vana-
dium clay in some places forms irregular spherical
aggregates. :

Fluorite has been observed in several deposits and
likely is a constituent of most of them. It generally is
purple and occurs as a fine-grained replacement of the
limestone along bedding surfaces, as veinlets, and
locally as irregular replacements of limestone that
form masses as much as 6 inches in diameter. The
Huorite generaily is closely associated with and in places
s replaced by urninite.

Pyrite, marcasite. and galena are the only sulfide
minerals identified in the deposits in the Todilto. Py-
rite occurs as an early mineral which is generally cor-
roded and replaced by later minerals but is most abun-
dant as a late mineral which fills solution cavities and
fractures and which replaces detrital grains. Marcasite
has been identified only as a late mineral. Galena
occurs as tine-grained cubes deposited with and after
uraninite and coffinite and as a replacement of early
pyrite and haggite.

Coarse-grained calcite occurs along bedding planes.
fractures, and solution cavities as a replacement of
limestone or as recrystallized limestone in and near
the uranimum deposits. The coarse-grained calcite is
both earlier and later than most other minerals.

Fine-grained hematite occurs in most of the deposits
and generally is associated with the uraniferous zones.
Specular hematite has been noted with vanadium clay.
Hematite also occurs as pseudomorphs after pyrite and

in the occurrence of !
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| as stains along fractures and bedding planes in oxi-
| dized zones. ‘

i Barite occurs in most deposits as a resinous vellow
: to clove-brown tabular mineral- that lines solution
! cavities and forms veinlets or irreguiar giobelike re-
i placements of coarse-grained calcite or local dissemina-
tions along the bedding.

Most of the deposits in the Todilto occur at or near
the surface and so have been subjected to oxidation
which has led to the rather widespread occurrence of
the conspicuous vellow and green secondary minerals
tyuvamunite. metatyuyamunite, uranophane, and prob-
ably sklodowskite. Less common secondary minerals are
carnotite, cuprosklodowskite, gummite. santafeite, lie-
bigite. und various oxides of manganese and iron. Also,
the dark-olive green tibrous vanadyl vanadate, grantsite,
was identified in the F-33 mine (Weeks and others.
1961) and probably occurs in other deposits in the
Todilto.

Earlv field-examination reports generally mentioned
carnotite as a constituent of most deposits and created
the impression that the mineral was one of the more
common ones. Most of the reported occurrences, how-
ever. were probably tyuyamunite, which is more likely
to form in linestone in which calcium is in excess of
sodium. Tyuvamunite and carnotite are both canary
vellow and difficult to distinguish in the field.

Uranium deposits in the Todilto are roughly tabu-
lar bodies having an irregular form similar to the
forms of the deposits in sandstone. Most of them occur
along the flanks of the folds and some along the fold
axes roughly parallel to the bedding. but locally the
deposits cut across the bedding. Many of them are near
the base nf the Todilto, but others are near the middle
or top. and a few occupy the entire limestone interval.
Many are not confined to the limestone, but extend a
few Inches and in some places several feet into the
underlying Entrada Sandstone. and in many deposits
as much as several feet into the overlying siltstone of
ths Summerville Formation. A few deposits are mostly,
or entirely, in the basal part of the Summerville or
top of the Entrada Sandstone. Although these deposits
have a relationship to bedding that is similar to that
‘of deposits in other sandstones, they are dissimilar in
their association with folds in the overlying or under-
lving Todilto Limestone.

Dimensions of the deposits in the Todilto range from
' a few feet in width and length to several hundred feet
in width and more than 1,000 feet in length. and in
thickness from mere seems to as much as 20 feet. They
| probably average a few tens of feet in width, a hun-
! dred feet or so in length, and about 10 feet in thickness.
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The largest deposits occur where the folds in the
limestone are ciustered and have a simiiar trend. Be-
cause of the ciustering. the deposits associated sith
individual folds interconnect or merge into reiativeiv
large masses that in some places are rather irreguiar
or oviong, such as the Havstack (Gabelman, 1956h.

!

ngs. 123. 133) and Flat Top 4-Vilatie Hyde deposits, -
Others merge and interconnect to form stringlike -

masses naving a ilength many times their width. such

a3 the F-33 i Hilpert ana Moencn. 1060, hg. 131, the .

Faith 1 McLaugnlin, 1963, fig. 6). and the Section 23.
The dominant trends of these masses are eastward or
northward, similar to the trends of the intraforma-
tionai folds, but many are heterogeneous.

the deposits where the deposits are thicker and h